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Miexico formerly ranked second only to the United States 
in the volume of its oil production. In the opinion of well- 
informed oil men it could regain that position, 
Mexico’s or one very near it, if physical and commercial 
Oil Policy considerations were the only limiting factors. 
"Their belief is that Mexico possesses great 
undeveloped petroleum resources. Companiesthat have hadlong 
experience in Mexican operations would back their confidence by 
the expenditure of hundreds of millions of dollars for exploration 
and development, if they were convinced that they would receive 
protection for their investment and a chance to realize a fair 
return from any production that might be obtained. 

It is generally admitted that the decline in Mexico’s production 
and export of petroleum has been due to the enactment of laws 
that made it practically impossible for oil companies to replace 
failing fields by the development of new producing areas. Even 
greater uncertainty has resulted from the varying interpreta- 
tions put upon these laws at various times under different ad- 
ministrations. Thus the companies which had the experience, 
resources and trade outlets needed to maintain Mexico’s position 
as a producer and exporter of petroleum, never knew what would 
be the fate of new funds invested in the country, nor whether their 
properties might not be taken away from them under some 
arbitrary interpretation of the laws. 

As was pointed out in an article written by a prominent 
Mexican authority and published some months ago by WoRLD 
PETROLEUM, the heaviest loser under the uncertain policy of the 
past two decades has been the Mexican nation itself. It has lost 
a huge sum in export sales which would have brought hundreds 
of millions of dollars in cash or credit to the country. It has lost 
heavily in the esteem of other peoples, which is a far from in- 
tangible factor in these modern days. It has lost in taxation a 
sum that can be computed by tracing the shrinkage from $80,- 
000,000 to $6,000,000 over a period of a dozen years. 

Most important of all, the attempt to encourage nationaliza- 
tion of Mexican oil resources, which was the avowed purpose of 
the original legislation, has proved a failure, since the share of 
Mexican citizens in the country’s petroleum industry has de- 
creased rather than increased. 

Nobody can question Mexico’s authority to manage its affairs 
in its own way so long as it respects the rights of individuals and 
companies who have been encouraged to invest in the develop- 
ment of the country’s resources, but it is within the scope of a 
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journal that is interested only in the welfare and progress of 
the nations that possess great oil resources to point out the re- 
sults of policies that have failed to produce the results antici- 
pated for them. It is in no captious spirit, therefore, that we 
direct attention to the fact that while Mexico’s oil revenues have 
dwindled with the decay of the industry, Venezuela, by following 
a somewhat different policy, now derives a greater income from 
petroleum than from any other source. 

From time to time we have noted a disposition on the part 
of the Mexican government to adopt a more settled and satisfac- 
tory official course toward the oil industry, to discourage unwar- 
ranted legal attacks and to favor drilling development under 
proper restrictions. Unfortunately, these constructive acts have 
been contemporaneous with labor disturbances apparently fo- 
mented by the most radical and least responsible representatives 
of the labor movement. Oil companies, already paying higher 
wages than any similar group of companies in Mexico and pro- 
viding extra facilities in the way of housing, sanitation and hos- 
pital care, have been made the objects of special attack and sub- 
jected to demands which, if enforced, would make continued 
operation impossible. 


Every year sees a marked improvement in drilling tech- 
nique, the incorporation of methods that last year were in the 
experimental stage, the beginning of new ex- 
Drilling periments that a few years hence will be stand- 
Developments ard practice. Not for many years has the 
result of improved technique in drilling and 
production been so important to the world as in the present 
year. Petroleum resources are far from being exhausted, even 
in the United States; but the day of prolific fields coming one on 
the heels of another and depressing prices to unbelievably low 
levels may well have passed. Future discoveries will depend to 
an increasing extent on all the aids to exploration that science 
ean furnish. 

With growing evidence of the importance of improvements in 
drilling and production technique and equipment, WORLD 
PETROLEUM deems it timely to present a review of the present 
status of this art. The distinguished list of authors who have 
contributed articles to this issue assures the reader of the sound- 
ness and importance of the subjects covered herein. 
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Venezuelan Executive 


President Contreras Emerges from the April 19 


Elections with a Policy of Liberalization for 


Political Organization and Cooperation with Oil 


Companies in Development of Resources. 





Tse election on April 19 of President E. 
Lopez Contreras as Chief Executive of Vene- 
zuela, was of more than usual interest to of- 
ficials of international oil companies. The 
principal reason for this unusual interest re- 
sulted from the fact that President Contreras 
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will be the first chief executive in Venezuela for 
the past two generations who will not be di- 
rectly responsible to the late great dictator of 
Venezuela, General Juan Vincent Gomez. 
Moreover, following the death of General 
Gomez news of social and political unrest 


Continued by 


Above: contrast between conditions in na- 
tive villages and oil company camps is well 
illustrated above. On the right is Santa 
Rosa on the shore of Lake Maracaibo; on 
the left is a view of the swimming pool of the 
Lago Maracaibo terminal. Left: a fifty ton 
Gantry crane moving a concrete pile to 
storage space. 


reached the United States and Europe in a 
fragmentary manner from which it was dif- 
ficult to determine if this reaction resulted 
simply from the removal of political restraint 
that has existed in Venezuela for over twenty 
years, or if it portended important social and 
political changes. 

Questions immediately arose as to the ability 
of General E. Lopez Contreras to control all 
parties in Venezuela; and as to his attitude 
toward international capital invested in the 
development of Venezuelan natural resources. 

It has now become apparent that no question 
exists as to the ability of General Contreras to 
control the country of which he is chief execu- 
tive. His past record, the attitude of the na- 
tion to the General when other members of the 
late Gomez cabinet were being driven from the 
country and their property destroyed or con- 
fiscated, and the practically unanimous vote 
cast for General Contreras on April 19th, serve 
to dispel any doubt as to his control of even 
the most radical elements in the country as 
well as his solid backing by the more conserva- 
tive party. 

The new President’s attitude is well ex- 
pressed by his intention to retain certain 
benefits from the policy pursued by the former 
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administration while discarding that admin- 
istration’s repressive policy toward free speech 
or opposition to the acts of the government. 
President Contreras plans to permit far greater 
freedom on the part of the electorate and at the 
same time to continue the policy of coopera- 
tion toward the oil interests operating in 
Venezuela which has resulted in so sound a 
financial situation for the Venezuelan treasury. 
The recent situation within Venezuela 
represented a natural reaction against the long 
policy of political repression that had existed 
under the administration of General Gomez. 
All political parties which had for some twenty 
years been completely inarticulate clamored 
for an opportunity to be heard. Conditions 
were further complicated by the presence of 
professional agitators, anxious to take ad- 
vantage of what they considered a major politi- 
cal upheaval. General Contreras endeavored 
conscientiously to permit all factions to be 
heard while maintaining a sane and balanced 
form of government and avoiding radical 
changes in policy. As the situation settled 
down, it became apparent that the people of 
Venezuela were opposed to any sharp swing to 
the left on the part of the government. Armed 
with this knowledge President Contreras 
emerged from the elections of April 19 as the 
unanimous choice of the Venezuelan people. 
In the face of the contrast presented by the 
results of Mexico’s policy of hampering and re- 
stricting the development of her natural re- 
sources by outside capital, followed by a steady 
decline in the importance of Mexico as an oil 
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Scene at native village “Santa Rosa’ on 
Lake Maracaibo in Venezuela. 


producing nation and the loss of important 
benefits by the Mexican government with the 
fortunate position of Venezuela which is per- 
haps the only important country in the world 
that is without foreign debt and practically no 
internal debt, largely as a result of the coopera- 
tive policy pursued by the government with 
international oil companies in the development 
of her resources: such a contrast left no alter- 
native to the new administration in formulat- 
ing a policy toward petroleum development. 
Revenue from petroleum in Venezuela now 
exceeds all other sources of government in- 
come. The social and medical work of the 
international oil companies in the more isolated 
sections of the country sets a standard that has 
yet to be equalled by the government, although 
steps are now being taken to provide better 
facilities in this direction by the new admin- 
istration. In many sections of the country, 
the roads and hospitals provided by the oil 
companies for public use are the only roads 
and hospitals that exist. There is very little 
evidence of ill will toward the oil companies, on 
the part of the public. The people, in fact, 
recognize the benefits they derive from these 
operations, and that without them the country 
would be far more backward, outside of the 
more important cities, than it is. The de- 
mand for improved standards of living, in fact, 
often takes the form of requests to bring public 
facilities up to the standards maintained by the 











oil companies and available even for public use 
where such provision is practical. 

Professional 
peared at a number of workers’ meetings and 
have attempted to organize labor into united 


agitators have actually ap- 


opposition toward established authority. 
Lately, however, the Venezuelan workers have 
demonstrated their inherent mental balance by 
ejecting, violently in a number of cases, these 
agitators whose extremely radical claims did 
not appeal to the workers. 

The confidence of the oil companies operat- 
ing in Venezuela, in the future of the country 
and the sound policy of the present administra- 
tion is displayed by increased expenditures for 
drilling and development as well as the con- 
struction of permanent camps, hospitals, roads 
and schools. 


German Benzol Production 


GERMANY increased its benzol output 
more than 30 percent last year, due to 
improved recovery methods and to greater 
activity in the coke industry which pro- 
duces benzol as a by-product. Approxi- 
mately 400,000 metrie tons of benzol 
were obtained from coke operations in 
1935, according to estimates, and an ad- 
ditional 30,000 tons were recovered from 
gas plants. 
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Bareo Concession Changes 


Socony-Vacuum Corporation and The 


Texas 


Company to Acquire Controlling Interest in 


Famous Colombian Concession, Named for Gen. 


Don Virgilio Barco in 1905. 


Adwnouncement was made in mid- 
April that Socony-Vacuum Oil Co. Inc. 
and The Texas Company were jointly ne- 
gotiating for the purchase from South 
American Gulf Oil Co. of the latter’s con- 
trolling interest in the vast tract known as 
the Barco concession in Colombia. The 
original area comprised in the concession 
amounted to 1,300,000 acres from which 
500,000 acres are to be selected as a per- 
manent holding after survey and explora- 
tion. 

The lands covered by the concession lie 
between the boundary of Venezuela and 
the most northerly spur of the eastern 
range of the Andes, about 250 miles from 
the coast. The development work al- 
ready done indicates the existence of an 
important oil field. Eleven wells have 
been drilled and show substantial pro- 
duction of oil averaging 40 deg. gravity or 
higher. It is announced that the new 
owners will proceed at once to push for- 
ward the work of exploration and drilling. 
The concession runs for fifty years from 
1931. 

The Barco concession gets its name from 
Gen. Don Virgilio Barco, to whom the 
concession was granted by the Colombian 
government in 1905. The greater part of 
the region was, and still is, a dense jungle, 
unexplored and inhabited by the fierce 
Motilone Indians, who made life extremely 
hazardous for all strangers who entered 
their domain. The prospect of locating 
and developing oil in such an area would 
have discouraged anyone less dauntless 
than Gen. Barco. He located a number 
of seepages, however, and dug some shal- 
low wells from which he obtained enough 
crude to operate a small and primitive 
refinery. 

Seeking to expand his operations Gen. 
Barco came to New York and presently 
enlisted the support of a group organized 
under the name of the Carib Syndicate 
who already were interested in Colombian 
exploration. A party was outfitted and 
sent to the concession. A well was drilled 


at Rio de Oro to 890 feet, disclosing a flow 
of oil estimated at over 1,000 bbl. per day. 
Owing to the difficulty of transporting 
heavy equipment to the site, which could 
be reached only by water through Ven- 
ezuelan territory, the well was closed in 
and operations were suspended for several 
years. 

In 1917 the concession was acquired by 
the Colombian Petroleum Co. through 
a subsidiary and in 1925 a controlling 
interest in the Colombian Petroleum Co. 
was purchased by the South American 
Gulf Co., wholly owned subsidiary of the 
Gulf Oil Corporation. This placed the 
property in the hands of interests with 
ample resources to carry forward the 
work of development but the Colombian 
government issued a decree voiding the 
concession on the ground that its original 
provisions had not been complied with. 
This led to suits in the Colombian courts 
to establish the rights of the various 
parties involved. These suits dragged on 
for several years. 

In 1930 the claims were adjusted and 
a new agreement was made by which the 
Colombian Petroleum Co. and South 
American Gulf were to expedite the survey 
of the property, and after proper geo- 
logical examination were to select 500,000 
acres for actual development. It was 
provided also that when _ production 
reached 20,000 bbl. daily the South 
American Gulf should build a pipeline to 
the coast, some 250 miles distant, and 
when production had risen to 28,000 bbl. 
one of the two companies was to construct 
a refinery. 

During the past few years the work of 
exploration has been pushed forward un- 
der the direction of the Gulf interests and 
eleven wells have been drilled. Nine of 
the wells have been put down in the 
Petrolea section, near the early Barco 
explorations, where the effort has been 
made to determine the possibilities of 
production at different levels. Wells have 
been sunk south of the original well at 
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Rio de Oro but a great part of the area 
remains still to be explored. 

On the Venezuelan side of the Petrolea 
Ridge, directly across from the Barco, lies 
the important field of the Colon Develop- 
ment Corporation which has been produc- 
ing high grade oil for many years. The 
same formation which is found in this 
field has been shown to extend south- 
westward through the Barco territory. 

The reason assigned in oil circles for 
the present transfer of ownership is that 
the Gulf Company does not require the 
oil that it might obtain from the Barco 
field while Socony-Vacuum and Texas 
have outlets for it in their export market- 
ing operations. The action of the United 
States in placing a tariff on oil makes its 
importation into this country impractica- 
ble. 

In connection with the purchase of 
Gulf’s Barco interests it was announced 
that Socony-Vacuum had acquired a 
majority of the stock of Equatorial Oil 
Co., together with the Carib Syndicate’s 
claim of $203,569 against the Equatorial 
Co. The Equatorial’s holdings consist 
of land in the Magdalena valley in Co- 
lombia on which no development of any 
extent has been attempted. 


Petroleum-Vademecum 


PerroLeuM-vADEMECUM, published 
by Technical Advisor h.c. Engineer Rob- 
ert Schwarz (XIth edition 1936, Volumes 
I and II). The new edition of this sea- 
soned German handbook for oil men has 
been largely re-written and much new 
material has been added. There is a 
large section on oil tariffs in different 
countries; extensive tables on oil produc- 
tion, refining, imports, exports and con- 
sumption of oil products are given. The 
section on drilling engineering has been 
much enlarged to contain the A.P.I. tables 
as well as German standards for rigs, 
drilling tubes, pipelines, tool joints, wire 
ropes, etc. There has been added a new 
department on nomenclature, giving the 
equivalent names of oil products in many 
countries. There is also what is intended 
as a complete list of all the petroleum re- 
fineries in the world. Although most of 
the text is in German the important head- 
ings of reference tables are given also in 
French and English. 
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Steam Power Efficiency 


Conservation of Heat Has Long Been Appreciated 


as an Important Consideration in Permanent 


Power Plants—But Is Only Recently Receiving 


Proper Attention on Drilling Rigs. 


ream has been used as the source of 
motive power on drilling rigs since oi] was 
first produced from drilled wells. Until 
recently no sincere attempts have been 
made to conserve heat either at the boiler 
plant or in connection with the prime 
movers using the steam. If the same had 
been true with stationary steam power 
plants we would still literally be in the 
dark ages as the cost of electric power 
would be prohibitive. There are nosound 
basic reasons why the major improve- 
ments looking to heat conservation in 
stationary steam power plants cannot be 
applied to the portable steam power 
plants used for drilling oil wells. It is 
true that because of limitations as to sim- 
plicity, portability, and the type of work 
to be done, the drilling rig power plant 
cannot include all of the refinements of the 
high efficiency stationary plant but the 
basic principles can be applied without 
sacrificing simplicity, portability, etc. 
The following are the major subjects being 
dealt with in this regard by progressive 
manufacturers and users of drilling ma- 
chinery today: 


1. Feedwater heating. 

2. Superheating. 

3. Slush Pump Prime Mover. 
4. Rotary Prime Mover. 


Feedwater Heating 

Tue practice of heating the feedwater 
in the drilling rig boiler plant has been 
followed more or less indifferently for 
the past several years. The equipment 
used usually consists basically of a coil of 
pipe in the discharge line from the feed 
pump, this coil being placed inside a large 
pipe or shell to which exhaust steam from 
the pumps and engines is admitted for 
heating the water by conduction. This 
is known as the closed type of heater. If 
sufficient surface for heat transfer is pro- 
vided to heat 20,000 lb. of water per hour 
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or more to 200 deg. F., the closed heater 
becomes very large and cumbersome. 
Actual temperature readings taken in the 
field indicate that the heaters of this type 
generally in use not only are not large 
enough when originally made but also 
that their efficiency is rapidly reduced by 
scale and other insulating coatings which 
form both on the inside and the outside of 
the coil. It is very unusual to find feed- 
water temperatures above 130 deg. F., 
in heaters of this type. 

One manufacturer has placed on the 
market a combined feed pump and heater 
unit which utilizes the same principle as 
the jet condenser for heating the feed- 
water. This is known as the open type 
heater and in it the cold feedwater as it is 
sprayed through a spring loaded valve 
comes into direct mixing contact with 
exhaust steam at a pressure of approxi- 
mately 10 lb. per sq. in. gauge. This 
heater raises the feedwater to a tempera- 
ture of approximately 210 deg. F., which 
is within 15 deg. F., to 25 deg. F., of the 
temperature of the exhaust steam in the 
heater chamber. The heater is of suffi- 
cient capacity to produce these results in a 
boiler plant developing 800 boiler horse- 
power. This type of heater has been used 
by the major railroads on locomotives for 
many years. Feedwater heated to 210 
deg. F., requires 13 percent less heat to 
convert it into steam at 250 lb. per sq. in. 
gauge than does 55 deg. F., feedwater. 

There are other advantages resulting 
from the use of the open type feedwater 
heater which are not related directly to 
heat conservation but which result in 
pronounced operating economies. In this 
type approximately 15 percent of the total 
steam generated is condensed in the 
heater and returned to the boiler as dis- 
tilled water, thus reducing the raw water 
used by that amount. The result is 
cleaner boilers. 

The elements of temporary hardness in 
most feedwater are precipitated at about 





Separately-fired superheater built by Foster- 
Wheeler Corporation. 


200 deg. F., and with the open type 
heater a portion of these precipitates 
forms scale in the heater chamber and the 
remainder passes into the boilers as a 
sludge which does not scale the tubes 
but settles into the water legs from which 
it is blown out. Scale in the heater 
chamber of the open type heater does not 
reduce the heater efficiency until it has 
built up sufficiently to interfere with the 
operation of the float mechanism, whereas 
in the closed heater a relatively thin scal- 
ing of the coil is very detrimental. The 
cleaning of the open type heater is very 
simple and easy to perform as the heating 
chamber can readily be removed from the 
feed pump and cleaned through large 
openings provided for that purpose. 
Scale deposited in the heater chamber is 
eliminated from the boilers. This results 
in cleaner boilers. 

Water heated to approximately 200 deg. 
F., liberates any free oxygen which may 
be present. This oxygen is vented from 
the heater chamber through an opening 
providedforthat purpose. Free oxygenin 
water fed to boilers causes pitting and the 
open type heater eliminates this condi- 
tion and makes for longer boiler life. 


Superheating 


For the past four or five years super- 
heating equipment has been available to 
drilling operators intwoforms. The first 
is of the built-in type in which special 
superheating tubes are built into the 
boiler, replacing some of the regular evap- 
orating tubes and the second is of the 
separately fired type and consisting of an 
entirely separate unit which is placed in 
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series in the main steam line leading from 
the boilers to the rig. 

The specific volume (cu. ft. per lb.) of 
dry saturated steam at 250 lb. per sq. in. 
gauge is 1.745 cu. ft. per pound. The 
specific volume of steam at 250 lb. per sq. 
in. gauge superheated 100 deg. F., is 2.046 
cu. ft. per pound. There is, therefore, an 
increase in volume due to 100 deg. F., 
superheat of 17.5 percent. 

The total heat content of saturated 
steam at 250 lb. per sq. in. gauge is 1201.1 
B.T.U. The total heat content of this 
same steam superheated 100 deg. F., is 
1264 B.T.U. or an increase of 5.3 percent. 
Thus (for any given amount of water 
evaporated), by increasing fuel consump- 
tion 5.3 percent, we add 17.5 percent to 
the volume of the steam when superheat- 
ing it 100 deg. F. Stating the matter con- 
versely, the evaporation required of the 
boilers for a given volume output becomes 
85 percent of that required for saturated 


At the topisa photo show- 
ing the right side of a feed- 
water heater of the open 
type, as built by Oil Well 
Supply Co. The Oil Well 
drilling unit on the left has 
a separate engine which is 
used for driving the rotary 
table, while the steam- 
driven power slush pump 
on the right has an engine 
built by Oil Well Supply 
and a Wilson-Snyder 


er: 9 pump. 


steam and the fuel burned under the boil- 
ers becomes 85 percent of that required 
for saturated steam. The fuel used in the 
superheater must be taken into considera- 
tion and this results in a net fuel saving of 
approximately ten percent. 

The use of superheated steam results in 
other notable operating improvements on 
a drilling rig. With saturated steam a 
very noticeable amount of condensation 
occurs in the long steam line running from 
the boiler plant to the rig. This con- 
densation is entirely eliminated under 
ordinary conditions when superheat of 
100 deg. F., is used. The machinery 
operates more efficiently, lubricates more 
effectively and responds to heavy demands 
more promptly when supplied with dry or 
slightly superheated steam. 

In the built-in type of superheater, it is 
impossible to control the amount of super- 
heat obtained. With the separately fired 
superheater now offered by one manu- 








facturer which has a rated capacity of 
15,000 lb. of steam per hour at 100 deg. 
F., superheat, it is possible to maintain 
automatically a constant steam tempera- 
ture regardless of the quantity of steam 
generated up to the rated capacity of the 
superheater plus a reasonable overload. 
The main steam piping is usually ar- 
ranged for by-passing the separately fired 
superheater so that it can be out of service 
if desired. This is not possible with the 
built-in type. 


Slush Pump Prime Mover 


Tue direct acting duplex steam end 
usually used for driving the fluid end of 
the slush pump is unavoidably most un- 
economical in the use of steam. This is 
true because with the direct acting pump 
valve gear no provision can be made for 
cutting off the admission of steam prior 


(Continued on page 248) 
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Electric Power for Drilling in Jungle 


or Desert 


Advantages of Flexibility Suggest the Use of Elec- 


tricity for Drilling Power—Some Considerations 


that Affect Choice of Layout and Arrangement. 


Tae ingenuity of oil men and engi- 
neers has been freely exercised in provid- 
ing a variety of ways of utilizing diesel- 
electric drive for rotary drilling rigs. In 
both the mechanical and electrical lay- 
outs there are several practical arrange- 
ments possible, and each has its advan- 
tages as well as certain disadvantages. 
No particular arrangement seems to have 
been so outstanding as to have the prefer- 
ence of all purchasers. 

A diesel-electric drive consists essen- 
tially of a draw-works motor, one or two 
mud-pump motors, and sometimes a 
separate rotary-table motor, with electric 
power supplied to these by two or more 
diesel engine-driven direct-current gen- 
erators and the necessary exciters. This 
form of rotary-rig drive is not confined to 
the use of diesel engines, as any form of 
internal-combustion engine may be used, 
but diesels have so far been the most 
popular. The motor speed is controlled 
by varying the voltage of the generator, 
requiring separate excitation for both, 
and the generator voltage not only is 
changed manually by varying the strength 
of its field, but also varies automatically 
with the load current, decreasing as the 
current increases. This latter character- 
istic limits the maximum load, thus pro- 
tecting the engine against stalling, and 
also permits the motor to be loaded down 
to its stalling point and enables it to pick 
up speed again when the load is reduced. 
When the load is light, such as when 
hoisting the empty hook, this character- 
istic automatically results in a high gen- 
erator voltage and consequently a high 
motor speed. 

In its simplest form a full electric drive 
requires two generators, one to supply 
power to the draw-works motor or rotary- 
table motor for drilling, and the other to 
supply power to the mud-pump motors. 
The generators are combined to feed the 
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draw-works motor for coming out of the 
hole and going back in with the drill pipe, 
and for handling casing. It is desirable 
to have a separate engine for each gen- 
erator, so that power will always be avail- 
able for coming out of the hole in case of 
failure of one engine. 


Fig. 6.—Separately ventilated, protected 


draw-works motor designed for heavy duty. 


One of the most successful mechanical 
connections from the motors to the mud 
pumps is V-belt drive, with a separate 
motor for each pump. The draw-works 
motor is usually coupled to a gear unit, 
with a chain drive from the latter to the 
jack-shaft of the draw works. In a few 
cases V-belt drive has been used from the 
draw-works motor direct to the jack- 
shaft, but is not so popular, because of the 
heavy shock loads to which it is subjected 
and the high stresses on the motor shaft 
and bearings if a third motor bearing is 
not used. The scheme of using a sepa- 
rate motor for the rotary table is too new 
to have demonstrated whether V-belt 
drive, chain drive or direct connection 
through a gear unit is best, but it seems 
likely that any one of these will meet the 
power requirements. 

With reference to the engines, genera- 
tors and exciters, there is a considerable 
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latitude of choice available in the me- 
chanical and electrical layouts, but it is 
scarcely possible to consider them inde- 
pendently, for the former depends largely 
on the latter. The generators and ex- 
citers, however, may be classified in gen- 
eral as direct connected to, or V-belt 
driven from, the engines. 











ENGINE N24 —K everaron—yeaere 












































ENGINE NAZ 1G encraroe|—Eser1en 
ee TPO TT pany 
| P os od 
| ENGINE NYS . foneraron : rere, 
| | D. Biowatd 
ieee enna. gto 0a. ene en heen oud bo a as am 








ENGINE NYS FF 




































































total capacity be desired, three instead of 
two units may be used on a rig, using two 
for power to the pumps and the third for 
power to the rotary table during drilling, 
and transferring the power from one of the 
first two to be combined with that of the 
third for hoisting drill pipe. This leaves 
one unit available for power supply to one 
of the pumps for mixing mud, or for keep- 
ing the hole full of mud as a precaution 
against a blow-out, when the pipe is 
pulled. As many as five generating units 
are being used in a similar way on a single 


Fig. 1.—Duplicate generators and 
exciters direct connected to engines. 


Fig. 2.—Duplicate generators and 
exciters V-belt driven by engines. 


Fig. 3.—Large and small generators 
and exciters direct connected to 
engines. 
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From several standpoints direct con- 
nection, as illustrated in Figure 1, is 
preferable. Each engine-driven unit is 
mechanically independent and self-sup- 
porting, and requires no elaborate founda- 
tion supports of steel or timbers to main- 
tain alignment or keep belts tight. Belt 
maintenance is eliminated. In the larg- 
est capacities required for deep drilling, 
lengths and weights of the generating 
units are within the capacities of avail- 
able trucks and trailers for transportation. 
Should shorter and lighter units for a given 
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rig, thus affording great flexibility in 
switching generators from one group to 
the other and in the operation of only 
enough units to meet the power demands 
of the work immediately at hand. 

There are disadvantages to the pur- 
chaser as well as to the electrical manufac- 
turer in direct connecting generators to 
engines running at speeds under 1200 
rpm, as nearly all of them do. The 
lower-speed generators are more costly, 
and it is not practicable for the manufac- 
turer to carry in stock special drilling 


generators for the great variety of speeds 
of diesel engines now on the market. 
From this standpoint at least, V-belt 
drive, as illustrated in Figure 2, is more 
attractive; 1200 rpm generators can then 
be supplied for any speed of engine. This 
splits the unit into lighter and shorter 
sections for transportation, which may be 
desirable in some cases, but requires a 
substantial sub-structure for alignment 
and means for tightening belts, and adds 
belt maintenance as an item of care and 
expense. 

Thus far the discussion has been with 
reference to individual generating units, 
with no means of balancing the loads on 
the engines during the actual drilling op- 
eration, when the pumps may take as high 
as 250 hp and the rotary table may re- 
quire only from 50 to 100 hp, and rarely 
over 125 hp. One engine may thus be 
fully loaded and the other only half 
loaded or less, for hours at a time, and 
their resulting useful life will not be the 
same. An electrical layout which is 
used on several equipments was devised 
to balance the loads on engines with di- 
rect-connected generators, and the same 
result has been accomplished by a further 
development of the arrangement with 
V-belt drive. These two schemes have 
also been combined. 

The electrical method, illustrated in 
Figure 3, is to use a large and a small gen- 
erator coupled to each of the two en- 
gines. Power from the two large gen- 
erators is combined to supply the pumps 
and from the two small generators to sup- 
ply the rotary table. For hoisting drill 
pipe and handling casing, power from the 
two large generators is switched from the 
pumps to the draw-works motor, and the 
two small generators are left idle. With 
this scheme, each engine carries half the 
total load at alltimes. This arrangement 
has a somewhat higher first cost, but on 
the other hand permits one engine to be 
shut down and all the load carried on the 
other when the duty is light, such as in 
shallow territory or in the early stages of 
drilling in deep territory. 

The V-belt arrangement, illustrated in 
Figure 4, devised to balance the load on 
the engines, is to couple two duplicate 
generators together and drive both by 
V-belts from each engine. With a suit- 
ably designed layout the generators can 
be uncoupled, and either of them driven 
by one engine in case of failure of the 
other engine or generator. When com- 
bined with the scheme of using large and 
small generators, this layout becomes one 
large and one small generator coupled 
together, as in Figure 5, and V-belt driven 
by two engines. The large generator 
supplies the pumps and the small genera- 
tor supplies the rotary table with power; 
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the two generators are connected in 
parallel to supply their combined power 
for hoisting drill pipe. This arrangement 
has the advantage of using only two gen- 
erators, with neither idle during hoisting, 
and the load balanced on the engines at 
all times. Clutches are provided so that 
either engine may be unclutched at will. 
Like all arrangements with belt drive, 
however, a suitable sub-structure is neces- 
sary and belt maintenance must be con- 
sidered. 

These are the fundamental arrange- 
ments obtainable with diesel-electric drive 
for drilling rigs. Several other variations 
are possible, such as the use of a third 
generating unit as a spare, which may 
also be used for independent operation of 
the second pump. Another is the use of 
three engines instead of two, belted to a 
generating unit with coupled generators. 
Still another is the use of only one gen- 
erator belted to the engines and supplying 
power to only the draw-works motor, in 
which case the pumps are belted direct to 
the engines or to an extension of the gen- 
erator shaft. This latter arrangement is 
often considered for the purpose of re- 
ducing the first cost. It gives the desired 
flexibility of control to hoisting operations, 
and economical, though not so flexible, 
pump drive. 

The exciters may be driven in several 
ways. The exciter serves as an auxiliary 
generator of power for excitation of gen- 
erators and motors, for the motor-driven 
blowers used to ventilate the drilling and 
mud-pump motors, for the mud-screen 
and wash-down pump motors, for the rig- 
lighting system, and sometimes for other 
auxiliary motors. It is therefore a ma- 
chine of considerable capacity, usually 
from 15 to 30 kw. Two exciters are 
preferable, each at least of sufficient size 
to supply all the auxiliary power necessary 
to get the drill pipe out of the hole in an 
emergency. 

When a generator is coupled direct to 
each engine, the exciter is usually coupled 
to the generator as in Figure 1. When 
the engine is coupled to both a large and a 
small generator, the exciter may be lo- 
cated on the outer end illustrated in Fig- 
ure 3, but if the complete unit is thus un- 
desirably long, the exciter may be 
mounted on top of the small generator 
and V-belt driven from an extension of its 
shaft. This makes a compact and easily 
handled unit. With belt-driven genera- 
tors, the exciters are usually coupled to 
an extension of the generator shaft as in 
Figures 2, 4, and 5. 

Another arrangement occasionally con- 
sidered is to drive one of the exciters by 
an auxiliary engine and let it serve as a 
spare unit, with all load normally carried 
on the other exciter. The spare exciter is 
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then used to furnish power for electrical 
cranking of the main engines, by driving 
one of the main generators as a motor. 
This eliminates the necessity of an air- 
starting system, as the auxiliary engine 
may be started by hand cranking or by a 
battery-operated cranking motor, as on 
automobiles. 























without some attention given to the me- 
chanical construction of motors for rotary 
drilling service. 

The draw-works motor is subjected to 
heavy mechanical shock loads when jaw 
clutches are engaged and heavy loads of 
pipe and casing are picked up, and the 
service is also severe due to the whipping 
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Fig. 4 (above).—Duplicate 
coupled generators and ex- 

















Fig. 5 (below).—Large and 
small coupled generators 
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It will be obvious that the decision as to 
which mechanical and electrical arrange- 
ment will best meet the requirements of 
any particular drilling-rig problem must 
rest on a consideration of the following 
factors:— 


(a) First cost of equipment. 

(b) Overall length of generating unit. 

(c) Weight of heaviest unit to be trans- 
ported. 

(d) Cost and time required for erection. 

(e) Proportion of load on each engine. 

(f) Desirability of operating a pump while 
coming out of the hole. 

(g) Maintenance of belts and clutches. 

(h) Adaptability of generators to engines 
of various speeds. 

(i) Number of renewal parts desirable to 
carry in stock. 


This discussion would be incomplete 


of slack and worn draw-works chains and 
the taking up of this slack on reversals. 
This service warrants the use of oversize 
shafts, heavy-duty bearings, and motor 
frames and windings of the sturdiest con- 
struction. Frequent reversing of the 
motor makes it highly desirable that the 
armatures be relatively small in diameter 
and therefore with low stored energy. To 
meet these requirements most satisfac- 
torily without encroaching to a dangerous 
degree on the factors of safety in the 
mechanical design requires motors (Fig. 6) 
specially designed for such service as 
illustrated on page 229. While the mud 
pumps may not require as sturdy a motor 
as the draw-works, these motors are often 
all duplicates, thus making them inter- 
changeable. 
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Diesel Electrie Drilling 


By E. J. Herzog 


Westinghouse Electric International Co. 


Fir drilling the isolated well one of 
three methods is generally used, steam, 
straight diesel or diesel electric. The use 
of steam for drilling power has already 
been discussed. The straight diesel or 
full mechanical drive compares more di- 
rectly with the diesel electric drive in 
respect to adaptability for drilling the 
isolated well. Both methods should be 
considered from all angles for each has its 
advantages and disadvantages which will 
be brought out more fully in this article. 

The full mechanical drive consists of 
diesel engines coupled through clutches, 
gears, chains or cog belts direct to the 
drilling equipment. Considerable space 
is required around the rig floor for the 
equipment as it must be lined up with the 
hoist and rotary table. Sometimes this 
space is not available while in other cases 
the ground is swampy or covered with 


water such as found in many of the Ven- 
ezuelan fields. 

The diesel electric drive, on the other 
hand, can be mounted at a distance from 
the rig feeding power through cables to the 
electrical equipment on the rig floor. 
This drive is extremely adaptable when 
the well is under water as the diese] 
electric equipment can be placed on a 
barge. 

In comparing load efficiencies of the 
two types of drive the actual conditions 
that must be met in drilling an oil well 
should be taken into consideration. 

The over-all full load efficiency of the 
straight mechanical drive is between 90 and 
97 percent, depending on the transmission 
system whereas the diesel electric drive 
will run between 82 and 86 percent. If 
the loads, speed and torque were constant 
without reverse rotation, the mechanical 





Left: Modern Westinghouse Na- 
tional Superior diesel-electric drill- 
ing unit, consisting of one generator 
force ventilated with a capacity of 
175 k. w. cog belt connected with 
clutches, at Fair View, Oklahoma. 
Below: first direct connected vari- 
able voltage diesel-electric unit 
manufactured by Westinghouse 
Atlas Imperial for Standard Oil 
Company of California in 1927, and 
now operating in New Mexico. 








drive would be superior, but this condition 
does not exist. 

The real characteristics encountered in 
drilling are varying loads, reversing loads, 
various values of torque and varying 
speeds. With this in mind the diesel 
electric drive is able to offer its real ad- 
vantages as it meets these conditions in all 
respects. Figure 1 shows the real com- 
parison in the two types of equipment. 
The curves in this figure show the speed 
of the driven shaft plotted in terms of 
percent of full load engine speed against 
the torque exerted on the driven shaft in 
terms of percent of full load engine 
torque. Four curves are plotted for the 
engine with 100, 95, 90 and 85 percent 
efficiency of transmission. The engine at 
all times is operating at 100 percent normal 
speed, having full load torque always 
available at the engine shaft. The driven 
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shaft speed and the torque exerted is va- 
ried by means of the transmission system 
through which the engine is driving. 

The motor speed characteristic shown 
is that which would be obtained from 
properly designed D.C. equipment being 
driven by the same engine. Let us take 
the hoisting cycle where the starting 
torque will probably be in the neighbor- 
hood of 200 percent full load torque, while 
the normal running torque after the load 
is in motion would be 100 percent of full 
load torque. 

The mechanical drive must employ 
gear sets or some mechanical means to 
lower the driven speed in order to obtain 
the higher torque values. The clutch 
must be of sufficient capacity to accelerate 
this load at the increase torque value 
without stalling the engines. Referring 
to the curves of Fig. 1, it can readily be 
seen that after the hoisting operation has 
started the mechanical drive can only 
offer 50 percent of the driven speed, leaving 
the engines only half loaded. This is a 
serious disadvantage because the speed is 
fixed by the gear set and cannot be varied 
in proportion to the torque. 

The D.C. electric drive can exert 200 
percent full load torque at the start and as 
the load drops off the motor can be 
brought up to approximately 85 percent of 
normal full load speed. Here the engine 
would be operating at about full load and 
the pipe would be travelling twice the 
rate of speed that could be obtained by the 
straight mechanical drive. 

Therefore the D.C. electric drive is 
more desirable because it can apply the 
greatest portion of the engine capacity to 
useful work regardless of speed or torque 
of the driven load. Even though the 
mechanical drive has a higher efficiency, 
it cannot keep the engine fully loaded 
throughout the work cycle because its 
speed is dependent on the starting torque 


Figure 1 
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and cannot be changed after the cycle 
has started. 

In the diesel electric drive, mechanical 
energy is converted to electrical energy 
which is transmitted to the source of 
utilization where it is transferred back to 
mechanical energy. The electrical circuit 
replaces the mechanical clutch and, due to 
the extreme flexibility of the electrical 
circuit, very fine control of the energy can 
be had. 

The difference in initial cost between 
the two drives is the difference between 
the electrical equipment and the mechani- 
cal transmission. 

This difference in cost sometimes is of 
sufficient importance to eliminate the 
possibility of using electric drive: it de- 
pends on the number of wells to be drilled, 
along with the advantages that the drive 
offers. 

It now can safely be said that full load 
efficiencies may not be the most important 
factor in choosing the proper power trans- 
mission equipment. When ease of op- 
eration, convenience of speed control, 
and ratio of available engine horsepower 
to the horsepower applied to the drilling 
rig is considered, it is quite evident that 
electric power transmission is superior. 

The question arises as to whether to 
use alternating current or direct current 
for the transmission. In order to make 
this decision, a careful study should be 
made of their advantages. 


Advantages of the Alternating Current 
System 


1. High load efficiency. 

2. Low line losses. 

3. Voltage can be stepped up by transform- 
ers for greater transmission distance and 
then stepped down at the rig to operating 
voltage. 


4. Diesel generator units can be more readily 
converted to supply energy for pumping, 
or other oil field service if drilling opera- 
tions should cease. 

. Drilling and mud pump motors with their 
control can be utilized more easily in 
other divisions. 

6. Drilling equipment can be connected to 
transmission line if operating in electrified 
field. 

. Equipment easier to manufacture. 

. Additional engine generator sets can be 
added without trouble. 


or 


o- 


It must, however, be kept in mind that 
the alternating current circuit is a con- 
stant voltage system, and because of this 
the torque exerted by the motor governs 
the current flowing in the circuit and the 
engine output. 

This system, therefore, replaces the 
mechanical clutch, giving much finer speed 
adjustment at all values of torque within 
the capacity of the engine. For instance, 
it is possible to accelerate a 100 percent 
load from zero to 100 percent speed. It 
does not, however, offer the drilling and 
hoisting characteristics that can be ob- 
tained from direct current equipment. 


Advantages of the Direct Current System 


1. Higher efficiencies at speeds less than full 
load speed which permits economical 
operation on light loads. 

. Higher starting torques obtainable. 

. Higher speeds at lower torques. 

. No overload relay required so that once 
the load has been picked up only engine 
failure can cause the equipment to drop 
the load which is a valuable point in 
hoisting. 

5. The generator voltage characteristics can 
be designed so that it will be impossible to 
overload the engines regardless of the 
manner in which the control is handled, 
and yet a relatively high ratio of de- 
livered horsepower to engine horsepower 
may be obtained through greater portion 
of the hoisting cycle. 
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6. Diesel engines may be operated at any 
desired speed up to normal speed which 
permits economical operation on light 
loads. 


These characteristics favor the direct 
current system which represents the best 
method of drilling. 

Fig. 2 shows graphically what may be 
obtained with either A.C. or D.C. equip- 
ment when operating with a total engine 
horsepower of 375 H.P. As stated pre- 
viously, the torque capacity of the alter- 
nating current motor is limited by the 
engine horsepower. The line AB repre- 
senting 1900 pounds feet torque is the 
limit of torque that may be applied to the 
load by the 125 H.P. standard drilling 
motor when drawing power from the 
engines totalling 375 H.P. 

However, under the same conditions 
with the direct current equipment 2,900 
pounds feet torque may be applied at 
starting. 

The direct current system offers two 
methods of concentrating the power of two 
engine generator units together for the 
hoisting cycle. One is to parallel the two 
generators, while the other is to connect 
them in series. 

The main advantage of the parallel 
system is that more than two generators 
can be concentrated on the system. This 
cannot be done with the series system 
because the voltage would be too high. 

In the series system, however, it is im- 
possible to obtain uneven load distribution 
between the generators because the same 
current flows through both generators 
regardless of the engine speeds. If the 
speeds are different the voltages of each 
generator will be different but the de- 
livered voltage of the two units together 
will be the total of the two. In this way 
the voltage can be reduced by slowing 
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down either unit. Voltage variation in 
the alternating current system will cause 
load shifts from one generator to the 
other. For this reason they must be 
protected by overload relays. 

The series system in addition offers 
better emergency characteristics during 
the hoisting cycle. With this system if 
one engine generator set breaks down the 
operator can still get out of the hole in an 
easy manner. This is accomplished by 
using one engine generator which will 
deliver the same torque at half speed. In 
the parallel system when one engine 
generator set is down the hoisting motor 
can only deliver half the torque at full 
speed, unless the gear ratio is changed to 
lower the speed to half so that the torque 
doubles. 

Since in the series system the current is 
only one half as great as that of the 
parallel system because of the doubling 
voltage, line losses from generators to 
drilling motor are less. Less copper can 
be used which makes the portable cables 
easier to handle and less expensive. 

If all of these points are taken into 
consideration no trouble should be ex- 
perienced in selecting the correct system 
to be used. 

The characteristics of the series system 
makes it more adaptable in the major 
number of cases where the isolated well 
is to be drilled. For this reason the 
following comments are made on the im- 
portant electric items of such a system. 

The generators should be differentially 
compound with a three winding field 
consisting of a separately excited shunt 
field, a self-excited shunt field and a dif- 
ferential series field. The combination of 
fields should be such that the voltage will 
drop to zero when the current output is 
two times fullload. The armature should 
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be insulated for double voltage so that the 
generators may be operated in series from 
zero to twice generator voltage at full 
load. The commutator should be capable 
of commutating 100 percent overload cur- 
rent which is the maximum output of the 
generators. 

The generators can be connected to the 
prime movers in one of two ways, direct 
on engine shaft or by means of cog belts. 

If the direct drive is used the generators 
can be single bearing bracketed type 
machines with double shaft extension. 
The rear shaft extension will be for direct 
coupling to engine shaft while the front 
shaft extension will be for mounting exciter 
rotor. The direct drive offers the op- 
portunity to mount the complete engine, 
generator and exciter on a common bed- 
plate and skids. 

The cog belt drive, however, offers the 
opportunity to reduce the initial cost 
somewhat as the generators can be de- 
signed for much higher speed, reducing the 
weight and size. In this case the genera- 
tors should be three bearing units with 
direct connected exciters. In using this 
method the weight of any one single piece 
is kept to a minimum. They are not, 
however, as easy to line up at the point of 
drilling as the direct connected units. 

A very popular scheme in the cog belt 
connection is to couple the two belt 
driven generators together and provide 
clutches on the engines so that on light 
loads only one engine need be run. This 
offers more economical operation. 

The efficiency of these generators as a 
rule runs between 90 and 92 percent. 

The exciters should be of sufficient 
capacity so that they can furnish excita- 
tion to all of the motors and generators, 
and power to energize the control circuits. 
In addition, they should furnish power for 
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the blower motor, wash down pump motor 
and lighting circuit. 

The drilling can be accomplished by 
either one motor operating through a 
single drilling gear or two motors operat- 
ing through a twin drilling gear. The 
two motor arrangement, of course, offers 
greater flexibility for with this arrange- 
ment the possibility of complete shut 
down is much less. 

It is a good idea to have the mud pump 
motors and drilling motors identical so 
that complete interchangeability can be 
had. This also minimizes spare parts. 

The motors should be shunt wound, 
separately excited, double rated, to permit 
operation with one generator or with two 
generators in series. When drilling with 
one generator at single voltage the horse- 
power and speed of the motors or motor 
would only be half of what they would be 
when the two generators are in series. 

The variable voltage control equipment 
should consist of three parts; a splash- 
proof control cabinet for mounting at the 
generator, a protected type control unit 
for mounting on the rig, and handwheel and 
push button for mounting on draw-works 
post. 


The control cabinet, which will be 
located near the generators in the gen- 
erator house, should contain all of the 
air break unprotected contactors. This 
equipment is not protected against ignit- 
ing explosive mixtures as it is intended to 
be located at a safe distance from the 
drilling rig. Upon the panel in the control 
cabinet will be mounted the rheostats, 
meters and switches. Complete opera- 
tion for drilling and hoisting will be ac- 
complished from the drilling rig by means 
of magnetically operated contactors lo- 
cated in the control cabinet and by 
protected type equipment located at the 
rig. 

Control at the rig is sufficient for com- 
plete operation of the drilling rig after 
generators have been selected and con- 
nected at the generating point. Two air 
break protected type master switches 
mounted on one end and provided with 
sheave wheels control the fields of the two 
generators. Field resistors are mounted 
in the angle iron framework. During the 
drilling operation one generator supplies 
power to the drilling motor, the second to 
the mud pump motor while the master 
switches provide complete speed control. 
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During the hoisting operation with the 
generators in series, the two master 
switches are operated simultaneously for 
control of the hoisting motor. The 
equipment is reconnected from the drilling 
set-up to the hoisting set-up by means of 
an arc break protected type sequence 
switch located on the angle iron frame- 
work. In case of emergency, or when the 
drilling load is light, the entire equipment 
may be operated from one generator. 
When this is done the speed control of the 
various motors is obtained by means of 
motor field rheostats also located on the 
angle iron framework. 

The equipment located on the draw- 
works post control mechanism consists of 
two sheave wheels and two handwheels. 
The sheave wheels are provided for the 
operation of the master drums by means 
of telegraph cords. The two handwheels 
should be provided with a latch so that 
they may be located together to operate 
simultaneously or unlatched to operate 
independently. 

A normal size 500 H.P. rig such as 
shown will not exceed 7 barrels of fuel 
oil and 21% gallons of lubricating oil per 
24 hours of operation. 


Economy in Direct Connected Diesel Power 


Results from 


Actual Installations 


Prove the 


Superior Economy and Satisfactory Operation 


of Direct Diesel Drive for Rotary Drilling in 


Certain Cases. 


As a result of low initial investment, 
and the fact that Diesels can be operated 
more economically than any other type of 
prime mover, the modern Diesel has estab- 
lished itself in oilfields for various drives, 
but most prominently for oil well drilling. 


barge, for use in the Louisiana bayous. 
The ENERGY as the barge was named has 


proven most profitable to the company. 
Adaptability of this outfit which can be 
floated from one location to another, at a 
considerable saving over moving any 
other type of power, without taking into 
consideration the low operating and 
maintenance costs, can be readily realized. 

Another outstanding installation was 
made by the Associated Oil Company at 
Ventura, California, during 1935, consist- 
ing of one 400 B.H.P. 8-Cylinder direct 
reversible, marine type, Diesel engine. 


Fixed and Operating Charges for Various Forms of Drilling Power 


Motor Generator Set 








Diesel A.C. single A.C. Induction Synchronous 
Some recent installations illustrate situa- Steam Electric Motor Drive Hild Drive Motor Motor 
* ~ . . ° Total cost of plant equipment $17,605.00 $38,954.44 $16,932.00 $22.982.00 $24,457.04 $25,407.04 
tions in which Diesel power proves partic- poral cost 19,700.00 47,006.85 ——-19.027.00 —-25.132.00 29,807.04 30,882.04 
ularly advantageous. Obsolescence—per year 2,145.92 4,502.04 1,497.84 1,779.16 1,847.75 1,891.93 
During 1930, The Texas Company de- Taxes and insurance—per year 591.00 1,410.21 570.81 743.96 894.21 926.46 
sign d fl ti t ] h f hi Interest—per year 985.00 2,350.34 951.35 1.256.60 1,490.35 1,544.10 
g . a floating steel power house for this = yaintenance—per year 1,475.90 3,734.37 1,573.20 1.580.00 2,304.63 4.870.19 
service. The power consisted of two 240 Cost of pole line extension 2.500.00 2,500.00 2.500.00 2,500.00 
B.H.P. 6-Cylinder Cooper-Bessemer Die- Cost of fuel—per year 14,600.00 2,737.50 7,665.00 8,030.00 8.030.00 7.665.00 
Is, di ee “ Cost of water—per year 14,600.00 73.00 
Seis, irect connected to 2—175 K.W "7 480- Cost of lubricating oil—per year 273.75 146.00 91.25 91.25 91.25 91.25 
volt, alternating current Westinghouse 
. + Total charges per year $34,671.35 $14.954.05 $14,848.20 $15.979.70 $17,158.65 $17,016.30 
Generators, with sw itchboard and con- Total charges per day 94.99 10.97 10.68 13.78 47.01 16.62 
trols installed in a scow bottom type Obsolescence was figured with interest at 5 percent. Taxes and insurance at 3 percent. Interest at 5 percent. 
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This prime mover was direct connected 
through a sprocket chain, to the draw 
works, without a reverse clutch, because 
the engine was a direct reversible type, 
which could be started, stopped, reversed 
and accelerated as required by the driller. 

This being the very first attempt to 
direct drive a rotary draw works, without 
reverse clutch, it was decided to use steam 
for the mud pump service. In this man- 
ner a thorough study could be made of the 
Diesel as regards future possibilities. 
The hole was drilled to approximately 
8,200 ft., using the old conventional type 
of draw works. The Diesel has now been 
removed from Lloyds No. 136 well as it is 
intended to reinstall it on a future new 
well, using a modern, six-speed, shaft 
driven, draw works with hydraulic en- 
gaged jaw clutches, which should improve 
operations to a point practically as flexible 
as any type of power available. 

As to power costs of drilling, it is inter- 
esting to examine the accompanying fig- 
ures compiled by one of California’s major 
oil companies, for an outfit to drill to ap- 
proximately 5,000 ft. 

Associated Oil Company’s installation 
required no Diesel engineer in attendance, 
as all operations were in the hands of 
drillers. 

The total cost of this outfit completely 
installed was approximately $18,500, 
including the Diesel engine, auxiliary 
two-stage air compressor for starting, fuel 
oil pumps, lubricating oil pumps, water 
circulating pumps, Fluor semi-portable 
enclosed type cooling tower, tanks, etc. 


Diesel electric engines. 


Over a period of seven months the unit 
consumed an average of 214 bbls. of fuel 
oil per day, at an average cost of $1.20 per 
bb]., and two oil changes were made in 
crankease, requiring 50 gals. each change, 
with no make-up oil added between these 


Lloyds No. 136 drilled to 8,200 ft. by direct 
Diesel drive without a reverse clutch and 


using steam for mud pump service. 





changes. Thus we have a fuel oil cost of 
$3.00 per day, plus a conservative charge 
of two quarts of lubricating oil per 24 
hours—total $3.25 per day fuel and lubri- 
cating oil. 

Water at Ventura, California is rather 
expensive, in addition to containing con- 
siderable alkali which is always detri- 
mental to boilers. Most companies use 
water softeners in an attempt to reduce 
maintenance. 

Two different California companies sub- 
mit figures of $3,000 per month total 
cost, including fixed charges, for a bank of 
five boilers in service. This includes 
labor, also fuel, water, water softener, flue 
repairs, insurance, etc. On a complete 
Diesel equipped rig such as the Associated 
Oil Company’s equipment, assuming Die- 
sel direct drive to mud pumps, in addition 
to direct drive to draw works, it is esti- 
mated there would be a savings of ap- 
proximately $2,000 per month over the 
steam equipped rig. 

Another interesting Diesel installation 
was made by the Rowan Drilling Com- 
pany late last year. This consisted of 
two Cooper-Bessemer Type FP 6-cylinder 
250 H.P. at 525 r.p.m. vertical full Diesel 
engines, ‘‘V’’ belt driving generators. 
This outfit has already completed one well 
and has been moved to another location in 
Pearsall, Texas, and is now in service. 
This company also installed one 6-cylinder 
190 H.P. at 600 r.p.m. vertical full Diesel 
engine for cable tool drilling. 

The two FP units use approximately 
275 gals. of fuel oil per day. 
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Precision in Feed Control 
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with an Engine Throttle Valve, a Hydraulic 


Feed Control Discharge Valve and The Necessary 


Indicating Gauges, a Driller Has Positive Control.”’ 


Whoo the function of the boring of 
a hole into any substance there are four 
primary factors involved, which, for 
maximum efficiency of operation, must be 
maintained at their highest proper values 
consistent with a balanced rela- 
tion between them. These fac- 
tors are the bit or boring tool, 
rotation of this tool, weight or 
pressure applied to the cutting 
edges, and the removal of the 
cuttings from the path of the 
cutting tool as they are formed. 
Each of these four involves a 
variety of means, methods, and 
operations which go to make up 
the primary factor and which 
must be adjusted to the condi- 
tions encountered for a properly 
balanced and efficient operation. 

In its broad fundamental 
principles the boring of a hole 
into the crustal formations of 
the earth in the search for oil or 
gas is no different from the 
drilling of a piece of metal, wood, 
or stone. The same factors are 
involved and the same details of 
operation must be observed. 

This article deals with means 
and methods for maintaining a 
uniform weight on the cutting 
tool during the drilling of a 
given formation. The regula- 
tion of this weight requires a 
means for imparting a uniform 
feed of the tool into the ma- 
terial being drilled. The resulting uni- 
formity of pressure of the bit on the sur- 
face being cut is essential for maximum 
efficiency in any boring operation. If 
this pressure is not continuously applied 
in correct degree there will necessarily be 
periods of excessive weight and of insuf- 
ficient weights. The excessive weight 
will unduly wear or break the cutting 
tool or its edges and, if the excess applied 
is sufficient, will have a tendency to bend 
the drilling shaft above the bit with 
resulting hole deviating from the desired 
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direction. Excessive weight will likewise 
unduly burden the operating equipment 
above the cutting tool. During the pe- 
riods when the weight is insufficient the 
tool cannot penetrate the formation to the 
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depth necessary for the normal cut with 
the consequence of a subnormal rate of 
penetration. Wear of the cutting edge is 
practically as much or, in some cases, 
more than when proper pressure is used. 

In relation to the work done the rotat- 
ing shaft, to which the bit is attached, 
used for boring holes into the earth is the 
weakest of all tools employed for similar 
purposes. Therefore, the greatest deli- 
cacy of operation is essential if maximum 
efficiency is to be obtained and straight 
holes drilled. As the search for oil 


reaches into deeper and deeper horizons 
and the problems increase in complication, 
the need for greater nicety in the handling 
of the tools and equipment becomes even 
more apparent. It is also evident that in 
the more difficult shallow wells, particu- 
larly where the formations are hard or 
steeply inclined, this same delicacy is a 
requisite for even fair efficiency. 

In maintaining uniform weight on the 
cutting tool, mechanical means, other 
than the ordinary hoisting drum brake, 
are essential for imparting a uniform rate 
of feed of the bit into any stratum or series 
of strata of uniform hardness or drillabil- 
ity. The following paragraphs will be 
devoted to very brief descrip- 
tions of the various methods 
presently in use for the accom- 
plishment of this regular and 
smooth feed. 

In order to maintain a uni- 
form weight on a cutting tool in 
a given formation a means for 
imparting a regular and uni- 
form rate of feed to the bit is 
necessary. Machines designed 
for this purpose which are being 
called ‘‘Feed Controls” are of 
two general classes; firstly, those 
that are actuated by the weight 
of the drill pipe alone; and sec- 
ondly, those that require power 
from an outside source to effect 
their particular method of feed- 
ing the drill pipe into the hole. 
These two classes are built to 
control the rate of feed and 
thereby to maintain a uniform 
weight on the bit. Still another 
class is designed to control the 
rate of feed into the hole by 
maintaining a given torque load 
on the drill pipe which may or 
may not be a function of the 
weight on the bit, or the rate of 
penetration. 

Of the first mentioned class 
there are two types, namely, those that 
carry all or a substantial part of the weight 
of the drill pipe on the fluid in one or two 
vertical hydraulic cylinders and which are 
a part of or intimately associated with the 
rotating means; and the feed control that 
consists of a single or multi-cylinder 
reciprocating hydraulic engine or pump 
arranged to support the weight of the drill 
pipe through control of the proper shaft 
or shafts on the draw-works. These last 
mentioned feed controls may or may not 
be designed to retrieve the drill pipe 
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though the vertical cylinder types always 
are. In the class of feed controls using an 
outside source of power there are likewise 
two types, those using steam or air as the 
power medium and those using electricity. 
In the following paragraphs these several 
classes and types of controls will be very 
briefly discussed. 

In the oil well drilling, core bits set with 
black diamonds or carbons have been in 
use for many years. In order that these 
delicate tools could be used economically 
and efficiently it was early recognized 
that the maintenance of a uniform weight 
on the cutting tool was essential, and to 
maintain this uniform weight a regular 
and smooth feed was found to be neces- 
sary. For these closely dependent pur- 
poses the diamond drillers developed a 
screw type feed for small hand machines 
and a hydraulic feed for the larger units. 
The first development, and one that is 
still in use, is the single hydraulic cylinder 
type having a hollow shaft through which 
the drill pipe or drill rods are passed and 
positively fastened thereto. Satisfactory 
means for rotating the drill rods or drill 
pipe are then supplied. This hydraulic 
cylinder, together with its piston, are set 
in a vertical position centered over the 
hole to be drilled or on the extension of its 
axis, where the boring is to be at some 
angle from the vertical. With ordinary 
drilling under way the piston is elevated 
to the top of the cylinder by pumping 
water or other satisfactory fluid into the 
cylinder beneath the piston. All valves 
leading from the lower side of the cylinder 
are closed and the drill pipe made fast in 
some satisfactory manner to the hollow 
piston rod, the drill rod or pipe is then 
rotated, the circulating pump started, and 
drilling proceeds. As the bit cuts head- 
way, the discharge valve from the cylinder 
beneath the piston is opened to that ex- 
tent which will permit the drill pipe to 
feed off into the hole at that rate which 
will maintain a steady and even pressure 
on the cutting tool. Obviously, for 
formations of changing drillability vary- 
ing weights on the cutting tool and con- 
sequent varying rates of feed are necessary 
formaximum efficiency. The total weight 
may be determined by the use of an ordi- 
nary hydraulic pressure gauge connected 
with the fluid in compression below the 
piston. With the bit off bottom, the 
weight of the drill rods in pounds of pres- 
sure is shown, and the weight on bottom 
may then be controlled as desired by the 
manipulation, manually or otherwise, of 
the discharge valve leading from the fluid 
beneath the piston, which regulates the 
rate of descent of the piston and pipe. 
Ordinarily the entire weight of the drill 
pipe is supported by the hydraulic cylin- 
der, though occasionally a part of the load 


is carried on the hoisting line. In this 
case control from the pressure gauge is 
somewhat more difficult, however diamond 
drillers are generally of that experience 
which permits them to drill with reason- 
able efficiency without reference to a 
weight indicator and at least a uniform 
or smooth feed may be maintained. 
Machines of this type have been and are 
being used very successfully in drilling 
holes varying in depth from a few hundred 
feet down to ten thousand feet or more in 
prospecting for mineral deposits, drilling 
for oil and gas, and for other purposes. 
These single cylinders may either be 
above the derrick floor, as is the case in the 
usual diamond drill, or placed in the 
rotary table, as is customary in machines 
designed for the heavier oil field duty. 

Another type hydraulic drilling feed 
device that carries the entire weight of the 
drill pipe has two hydraulic cylinders with 
the drill pipe supported in a satisfactory 
manner on a beam, the ends of which are 
supported by the pistons of the hydraulic 
cylinders. These machines are identical 
or at least closely similar in action and 
control to those of the single cylinder 
type, and as machines capable of main- 
taining a perfectly even weight of the bit 
through means of a uniform rate of feed, 
they are, together with the single cylinder 
type, preeminently better than any 
others in use. When using such costly 
cutting tools as a core bit set with dia- 
monds a delicate feed of this type is ab- 
solutely essential but it seems doubtful, 
however, that such nicety is required in 
ordinary oil field practice. 

These machines vary from twenty 
inches to ten feet in piston stroke or depth 
of penetration before a new “‘hitch”’ is 
taken. Properly designed, the several 
types are equally capable of imparting the 
desired feed, therefore the most satisfac- 
tory machine for a given job depends 
upon its first cost, the cost of erection, and 
the cost of the time lost in making the 
change in the hold on the drill pipe from 
the bottom of the piston stroke to the top 
of the piston stroke. In light duty opera- 
tion, machines of the old diamond drill 
type seem to be more satisfactory. In 
heavy duty oil field work, however, ma- 
chines of this design can offer no competi- 
tion to those that utilize rotary tables of 
the hydraulic or ordinary design. 

In pressure control work, hydraulic 
machines of these vertical cylinder types 
are very useful, since in addition to the 
ease with which they handle flush joint 
pipe, hydraulic pressure can be applied 
above the piston and the bit consequently 
held on bottom when there is insufficient 
weight in the drill string to do so. 

In order to avoid the very considerable 
lost time in making the chuck changes on 
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the short stroke, direct acting, hydraulic 
feed, and to reduce the first cost but still 
retain the advantages of the uniform feed, 
a new type hydraulic control has been 
developed and recently put into service. 
This machine consists of a multi-cylinder 
double acting hydraulic engine or pump 
which is attached, through an ordinary 
gear box speed increaser and the necessary 
chains and sprockets, to the line shaft of 
the draw works and thence to the drum 
shaft, or, directly to the drum shaft. 
Its principle of operation is best described 
in relating its manner of use which is 
somewhat as follows: 

When the bit is within a few inches of 
bottom and ready to resume drilling, the 
clutch or clutches, which connect the 
hydraulic cylinders to the hoisting drum 
through the single chain from the drum 
shaft to the gear box or the two chains 
from the drum shaft to the line shaft and 
thence to the gear box, are engaged, the 
brake lever thrown back and the brake 
band entirely relieved of contact with the 
brake rim. Thus the feed control acts 
entirely independently of the brake. 
With the discharge valve from the multi- 
cylinder pump closed the entire weight of 
the drill pipe is supported, through the 
usual equipment and that just mentioned, 
by the fluid contained in the cylinders of 
the pump. The driller then opens the 
valve on the discharge line from the pumps 
and the pistons are caused to reciprocate 
by the power supplied by the dead weight 
of the drill pipe hanging from the drilling 
line. This imparts a torque to the drum 
shaft equivalent to the dead weight of the 
drill pipe divided by the number of lines 
up. This torque is transmitted through 
the sprockets and chains to the gear box 
and thence to the crank shaft of the multi- 
cylinder pump, and thus, the mass of the 
drill pipe is the source of power or the 
prime mover used to operate the pumps. 
This mass may be compared to a motor 
for purposes of explanation. With the 
discharge line from the pump fully open, 
and the motor receiving its full energy 
from the power lines, it will run at its 
maximum speed allowed under the condi- 
tions. As the size of the orifice in the 
pump discharge is decreased or as a valve 
on this line is closed a smaller quantity of 
fluid is discharged and in consequence a 
back pressure will be built up and the 
speed of the motor decreased. As the 
orifice of the control valve on the dis- 
charge line is further decreased until 
entirely closed, the motor will slow down 
and finally stall. The movements of the 
drill pipe or its downward feed into the 
hole is controlled in the same manner as is 
the speed of the motor, that is to say, 
with the valve in the discharge line wide 
open, the drill pipe will feed downward at 
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its maximum allowed rate which will be 
decreased as the size of the orifice is 
decreased. The downward movement of 
the pipe will stop entirely with the dis- 
charge valve fully closed. The units 
presently in service are capable of per- 
mitting a feed varying from zero to 90 
ft. per hour. These rate limits seem to 
be entirely adequate to meet any condi- 
tions found in ordinary drilling practices. 
This type of machine is continuous in its 
operation and permits constant, regular 
feed for the full length of any kelly or 
drill stem. 

Any hydraulic feed control, whether of 
the direct supporting type or the indirect 
as just described, may be made to function 
automatically, controlled either by the 
weight on the bit or by the torque to 
which the drill pipe is being subjected. 
It is the opinion of the writer that auto- 
matic control of the rate of feed either 
from the weight on the bit or the torque 
in the drill pipe is less desirable than 
manual control. With a throttle on the 
drilling engine and the steam pressure 
gauge on the drilling engine manifold, the 
gauge showing an indirect indication of 
the torque, the rotating speed may be 
regulated to that which is desired up to 
the maximum permitted steam manifold 
pressure, likewise, with a valve on the 
discharge line from any hydraulic feed 
control and the weight indicator of satis- 
factory type the valve may be so manipu- 
lated that a uniform weight on the bit 
may be maintained by means of a regular 
rate of feed in a formation of uniform 
drillability. Thus, with an engine throt- 
tle valve, a hydraulic feed control dis- 
charge valve and the necessary indicating 
gauges a driller has positive control over 
these drilling factors of rotating speed and 
weight within the limits desired. 

Any automatic type of feed must base 
its control either on weight on the bit or 
torque in the drill pipe. Of these two 
types those based on weight appear to 
be more desirable since torque is not 
necessarily a function of the rate of drill- 
ing. However, manual control of the 
drilling engine throttle valve and the 
hydraulic feed control discharge valve, 
which thereby permit the control of 
speed of rotation and torque and the rate 
of feed and weight on the bit, seems to be, 
within present knowledge of drilling 
operations safer and more efficient than 
any automatic control which has yet been 
devised. 

The next type of feed control for con- 
sideration is that which requires an out- 
side source of power in order to effect its 
control. There is one type which may be 
applied to the hoisting drum on which the 
live end of the line is spooled, and there 
are others built to work on the standby 
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unit drum which carries the dead end of 
the line. An immediate disadvantage of 
this last mentioned is that a standby 
hoist readily capable of retrieving the drill 
pipe at a reasonable rate is necessary. 
Both types may be fully controlled man- 
ually or may be designed for automatic 
control over rate of feed, governed either 
by torque or weight or both. It would 
seem, however, that full manual control is 
to be desired. These feed controls may 
be and are built to retrieve the pipe 
slightly if the torque exceeds a predeter- 
mined limit in a torque control machine or 
if the weight exceeds a certain maximum 
in a weight controlled unit. It seems to 
be obvious that if the drilling is not forced 
or is held at the proper maximum then the 
retrieving of the pipe, which is lost time, 
will not be necessary. 

Probably the simplest of these feed 
control machines, which require an out- 
side source of power, is one that is at- 
tached through proper chains, sprockets 
and clutches, to the working drum shaft. 
The machine consists of a speed increasing 
gear box of adequate design having each 
end of the high speed shaft extending a 
satisfactory distance from the gear box. 
To one end of this shaft is attached a 
positive brake of some kind which may be 
electrical, hydraulic, or friction. This 
brake, having variable tension, may be 
set so that it will support the weight of the 
drill pipe plus a satisfactory excess. To 
the other end of the high speed shaft 
there is attached a variable speed electric 
motor or other suitable prime mover. 
When drilling is in progress this prime 
mover is operated with that amount of 
power sufficient to overcome the re- 
sistance of the brake on the other end of 
the high speed shaft and at that rate of 
speed necessary to maintain the rate of 
feed of the drill pipe that will keep the 
desired weight on the bit. This unit 
with proper brake design will retrieve the 
drill pipe within the speed limits permitted 
by the very small prime mover. 

Still another type feed control, of which 
there are several in use, involves a hoisting 
drum, to which the dead end of the line 
is attached, a gear box containing a worm 
gear and pinions, and a reversible steam 
engine or electric motor. A chain con- 
nects the drum, through its sprockets, to 
a companion sprocket or to the gear box. 
The design of the worm gear and its 
pinion are such that the gear cannot drive 
the pinion because of the screw pitch, 
therefore, the drum is held stationary 
against the pull of the dead line, even 
though no power is applied to the holding 
pinion through the prime mover. 

When it is desired to feed the drill pipe 
into the hole, an automatic device supplies 
the prime mover with power sufficient to 


cause it to rotate the worm pinion in that 
direction, which, through the gears, 
sprockets, and chain will play the line 
from the drum, thus permitting the down- 
ward movement of the bit. Should the 
drilling factors involved in the automatic 
control become such as to make it de- 
sirable to raise the drill pipe necessary 
power is applied to the engine or motor in 
the reverse direction and the drill pipe 
elevated to the extent regulated by the 
control. When the full length of the 
kelly has been drilled, the unit is used to 
pick up the drill pipe in order that an 
additional joint of pipe may be placed in 
the drilling shaft, or a connection made. 

The automatic control of the prime 
mover or of the unit may be based either 
on torque on the drill pipe or weight on 
the bit. Manual control by the driller, 
from visual weight and torque indicators, 
would seem to be entirely feasible and 
probably more desirable. This type feed 
control seems to function quite satis- 
factorily, though the automatic control 
device is not, as yet, entirely reliable. 

The differential gear drilling control 
requires the use of two reversible prime 
movers, generally electric motors, con- 
nected to opposite shafts of a differential 
gear. The balanced relation between the 
motor, acting through the differential, is 
such that when the torque required to 
maintain a given rotating speed on the 
drill pipe exceeds a predetermined limit, 
the feed off into the hole is retarded or the 
bit is actually lifted off bottom until the 
rotation torque and speed have again 
reached their normal and the feed off is 
resumed. A decrease in torque or increase 
of rotating speed causes the machine to 
feed the pipe into the hole at a faster 
rate. These controls are usually elec- 
trically powered and operated though 
steam engines as prime movers are like- 
wise employed. 


B.0.D. Rent 


Tue sum of £175,000 in gold was paid 
over to the Iraq Government by the Brit- 
ish Oil Development Company as dead 
rent under the terms of the Mosul oil- 
fields concession. This amount was 
handed to a representative of the Iraq 
Government at its Embassy in London 
during the last week-end of March on the 
return from Baghdad of two Americans, 
Mr. Hansell and Mr. Collins, who had 
carried out a tour of inspection of the 
B.O.D. oilfields in the middle of March. 
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Salvaging 330.000.000.000 Bbl. of Crude 


Relative 


Efficiencies 


of Secondary Recovery 


Methods, One Or the Other of Which Will Prob- 


ably Eventually Find Application in Every Oil 


Field. 


BAnxow ence of the limited character 
of the known reserves of petroleum, when 
measured in terms of the current and 
prospective demand for petroleum prod- 
ucts, has led many oil producers to interest 
themselves in recovery methods that seem 
to offer the means of securing a larger 
percentage of the original oil content of a 
pool than is possible by ordinary methods 
of field exploitation. A large part of our 
original endowment of petroleum in oil 
fields thus far discovered has been left 
behind in the reservoir rocks, unrecov- 
erable by methods commonly used in 
oil-field production practice. This resi- 
due of petroleum, unrecoverable by 
ordinary methods of field exploitation, is 
possibly of greater magnitude than the 
undiscovered reserve represented by fields 
that have not as yet been penetrated by 
the drill. It is therefore of interest as the 
reserve from which a large part of our 
future supply of oil products must be 
won. 

The more efficient methods of recovery 
by means of which the residual oil in our 
older fields may be partially recovered are 
not new; but the growing realization that 
one or another of them will probably 
eventually find application in every oil 
field, and that continuance of profitable 
operation in many hundreds of our older 
pools is dependent upon them, has led 
operators to look upon these methods with 
considerably renewed interest. The sec- 
ondary recovery methods include systems 
of exploitationinvolving (1) injection of gas 
under pressure into the partially depleted 
reservoir rock; (2) flooding with water; 
and (3) drainage through mine openings. 
Each of these methods has already found 
application on a scale sufficiently large to 
demonstrate its economic feasibility. 
Each has been extensively studied under 
laboratory conditions and in field-scale 
projects. This article presents a brief 
review of factors that must be considered 
in making a choice of one or another of the 
several methods under given field condi- 
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tions, and discusses their relative ad- 
vantages, disadvantages and efficiencies. 


PercentaGE ULTIMATE RECOVERY BY 
PRIMARY METHODS. The percentage of 
the original oil content of an oil reservoir 
rock secured in ordinary methods of field 
exploitation by flowing and pumping 
through wells, has been the subject of a 
great deal of discussion among petroleum 
technologists, and there appears to be a 
wide diversity of opinion as to the recov- 
ery efficiency attained. Estimates of 
different authorities range from 10 to 80 
percent or more. The higher recoveries 
are assumed for fields in which oil is dis- 
placed from the pore spaces of very per- 
meable reservoir rock by edge-water 
which encroaches as rapidly as the oil is 
withdrawn. When gas expansion is the 
expulsive force immediately operative, a 
smaller percentage yield usually results. 
When expressed opinions are based upon 
laboratory research or careful analysis of 
field data, estimates seldom exceed 30 
percent and are often less than 20 percent. 
It is generally agreed that the percentage 
gas recovery will be materially greater 
than that of oil, the only factor limiting 
complete drainage of the gas being the 
minimum residual or equilibrium field 
pressure. The percentage recovery by 
gas expulsion increases directly with the 
initial field pressure. Recoveries as high 
as 40 percent have been secured in labora- 
tory apparatus from highly permeable, 
gas-saturated oil in unconsolidated sands 
with initial saturation pressures of 800 
pounds per sq. in. In the field, where 
drainage is impeded by irregularity in 
sand permeability and by the greater 
distances over which flow must occur, the 
percentage yield is doubtless much less. 

Actual recoveries in producing oil fields 
are reported to be as low as 15 or 20 per- 
cent by many authorities. Actual under- 
ground sampling and testing of the reser- 
voir sands in the Pechelbronn oil mines, 
Alsace, indicated that recoveries by earlier 


exploitation to economic exhaustion 
through wells was less than 17 percent. 
Recovery estimates for the Bradford field 
of Pennsylvania, by ordinary methods of 
flowing and pumping, have been placed by 
Mr. David White of the U. S. Geological 
Survey as low as 12% percent. In dia- 
mond drilling between wells in certain oil 
fields of northern Pennsylvania that have 
been producing for more than 60 years, 
part of the time with the wells under 
vacuum, the writer found that much of the 
oil-bearing formation cored still contained 
upwards of 90 percent of its original oil. 
Even the more permeable strata were 
found to be more than 60 percent satu- 
rated. Ina statement before the Federal 
Oil Conservation Board, Mr. J. O. Lewis, 
who has had an extensive experience in 
application of secondary recovery sys- 
tems, expressed the opinion that in the 
average American oil field we produce only 
one-seventh of the original oil content by 
ordinary methods of pumping and flowing. 

Those who believe that recoveries of the 
order of 50 to 80 percent of the oil present 
in a reservoir rock may be secured in 
ordinary field operations, generally as- 
sume that encroaching edge-water will 
displace much of the oil left behind by gas 
expansion and gravity drainage. Insome 
cases, where cores have been taken of a 
sand stratum behind an advancing edge- 
water front, the pores of the sand have 
been found practically free of residual oil. 
However, it is questionable whether in 
such cases the oil may not have been in 
part displaced from the sand during the 
process of cutting the core. Even though 
one might concede that the more per- 
meable drainage channels are washed 
fairly free of advancing edge-water, there 
is good evidence for the belief that the 
water advances quite irregularly through 
different portions of the reservoir rock. 
It therefore seems likely that only rarely 
under field conditions, even when expul- 
sion of the oil is aided by advancing edge- 
water, does the average percentage re- 
covery exceed 50 percent. 


NEcEssITY FOR PRELIMINARY FIELD 
STUDIES BEFORE ATTEMPTING TO APPLY 
SECONDARY RECOVERY METHODS. Be- 
fore selection of the recovery method to 
be employed and prior to attempting its 
application, it is desirable that a thorough 
engineering study be made of the field 
conditions presented which may influence 
its ultimate success. In this study, all 
available well data should be assembled, 





240 


WORLD PETROLEUM 














together with such data as may be avail- 
able relative to water conditions, volume 
of gas and sand produced with the oil, 
thickness, lithologic character and uni- 
formity of texture of the reservoir rock, 
initial production and preduction decline 
data. 

The most important consideration is 
that of estimating the volume of residual 
oil left in the reservoir rock by the earlier 
exploitation and the distribution of the 
residual oil, both laterally and vertically 
within the productive formation. The 
more permeable areas and component 
strata within the reservoir rock and the 
areas near the wells are more thoroughly 
drained during primary exploitation. We 
may therefore expect to find a larger 
percentage of the original oil in the less 
permeable strata and in less favorably 
situated areas, remote from the wells 
previously operated. 

The thickness and character of the 
reservoir rock throughout the area to be 
drained can best be determined by drilling 
new wells between the older wells, coring 
the entire thickness of the producing 
formation. The diamond drill is well 
adapted to this type of work, producing a 
complete core that is more truly represent- 
ative of the reservoir rock than any other 
type of formation sample. In well in- 
durated rocks such a core will show every 
detail of bedding and will even indicate, in 
a qualitative way, the character of the 
fluids present in each. Special sampling 
devices have also been developed for 
securing well samples from wells pre- 
viously drilled, but they are applicable 
only where the walls are not cased. 
Representative formation samples thus 


This elaborate-looking set-up is used for 
trapping and metering gas at a gas com- 
pressor plant in Sugarland Field, Texas. 


obtained are subjected to laboratory tests 
to determine porosity, grain size distribu- 
tion, permeability and oil saturation. 
As a result of careful sampling and analysis 
of this character, it is possible to construct 
profiles showing variation of these factors 
throughout the entire thickness of the 
producing formation. Such profiles in- 
dicate the component strata of the reser- 
voir rock that contain the most oil, and 
are suggestive of ways of applying sec- 
ondary recovery methods. 

Still another method of determining the 
relative permeabilities of different strata 
penetrated by a well, is that of applying 
a uniformly high gas-pressure to each 
stratum and noting the rate at which gas 
enters the formation. This may con- 
veniently be accomplished by lowering 
into the well a column of tubing with a 
short section of perforated pipe on the 
lower end, and equipped with two ad- 
justable packers, one above and one 
below the perforated section. The lower 
end of the column of tubingis closed. By 
setting packers against the wall of the 
well and forcing compressed gas down 
through the tubing, the gas has access to 
the formation only between the packers. 
The volume of gas entering the formation 
under constant pressure, determined by 
metering, becomes a measure of the per- 
meability of the particular section under 
test. By starting at the bottom of the 
well and testing at short intervals up the 
hole in this way, we may determine the rela- 
tive permeabilities of all producing strata. 

We may also form some opinion con- 





cerning the characteristics of the reservoir 
rock penetrated by each well, by inspec- 
tion of the production records of the 


individual wells. Those developing the 
larger initial productions at a given time 
and under comparable reservoir pres- 
sures, are wells that are surrounded by 
more permeable reservoir rocks. For 
wells having comparable structural posi- 
tions, those producing with lower-than- 
normal initial gas-oil ratios are probably 
producing from more permeable reservoir 
rocks. The development program fol- 
lowed in spacing and timing the drilling 
of wells may also afford an indication of 
the recovery efficiency achieved by pri- 
mary exploitation. Widely spaced wells 
leave much of the oil unrecovered between 
the old locations. Delay in drilling wells, 
in terms of the rate of surrounding de- 
velopment (thus permitting undue loss of 
reservoir pressure before all wells are 
drilled), results in a low percentage 
primary recovery, and hence properties 
that have been handled in this way are 
especially attractive for secondary ex- 
ploitation. Wells that are provided with 
or naturally develop large cavities about 
them within the reservoir rock secure 
more efficient drainage than do wells of 
normal diameter, and hence leave a 
smaller percentage of the original oil con- 
tent of the reservoir rock available for 
secondary exploitation. 


Applicability and Efficiency of the 
Gas-injection Methods 
Tue gas-injection methods include 
three essentially different systems of ex- 
ploitation which are called: (1) ‘‘ pressure 
maintenance;’’ (2) ‘“‘pressure restora- 
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A gas injection well in the Dominguez Field, 
California. The “pressure-maintenance”’ 
system is being used here. 


, 


tion;’’ and (3) ‘‘gas driving.’’ Each has 
its special sphere of application; each is 
most efficiently applied under particular 
circumstances. 

1. PRESSURE MAINTENANCE. This sys- 
tem of exploitation involves reinjecting all 
gas trapped from the oil back into the 
formations from which it came. By in- 
augurating this procedure early in the life 
of an oil field, we may maintain the forma- 
tion pressure at a relatively high value, 
or at any rate, we may prevent a rapid 
decline in reservoir pressure which would 
otherwise occur. In field application of 
the method, the gas-injection wells are 
preferably situated at or near the struc- 
tural crest, while the producing wells are 
located well down on the flanks of the 
structure, away from the crestal area. 
By continued application of the process, 
a large body of gas accumulates in the 
crest of the structure, to be produced and 
marketed after the reservoir rock has 
yielded all of its drainable oil. 

An important advantage of this system 
of field exploitation is found in the ability 
to maintain materially higher average 
formation pressures than would otherwise 
be possible. With field pressures sub- 
stantially maintained, the original gas 
remains largely in solution in the oil 
except in the immediate vicinity of the 
producing wells, and the viscosity and 
surface tension of the oil are maintained 
at low values. Energy contributed by 
recompression of the gas, added to that 
originally provided by nature, assures a 
larger ultimate recovery than would be 
possible by natural recovery methods. 
High reservoir pressures assure a higher 
average daily rate of production than 
would normally be realized, and a large 


c. 


part, perhaps the entire production, could 
be secured by flow methods, thus assuring 
low unit production costs. 

In fields where an original gas cap 
exists and the reservoir rock at the crest 
of the structure yields gas with no oil, 
injection of recompressed gas through 
crestal wells will prevent oil from rising 
into the upper part of the structure, and 
becoming permanently lost by adhesion on 
dry mineral surfaces. Maintenance of 
uniformly high reservoir pressures also 
prevents invasion of the oil producing 
areas by edge-waters. 

The pressure maintenance method is 
possible of application only during the 
early period of exploitation of an oil 
field, before formation pressures have 
been seriously depleted. The method is 
only applicable to pools operated as units, 
or at any rate, tracts must be sufficiently 
large to prevent movement of oil and gas 
to neighboring tracts operated under lower 
pressure. Well defined structures having 
steep dips are better adapted to main- 
tenance of gas caps without by-passing of 
gas from the crestal area to the recovery 
wells. By-passing is also more likely to 
occur when some stratum or strata are 
much more permeable than others in the 
formation comprising the reservoir rock. 

There are several instances in which the 
pressure maintenance method has been 
successfully applied under field conditions. 
Notable among these is that of the Sugar- 
land field in southern Texas, where the 
Humble Oil and Refining Company has 
for several years followed the practice of 
compressing all gas trapped from the oil 
and reinjecting it into the reservoir rock 
through wells at the crest of the structure. 
The original field pressure was between 
1,400 and 1,500 lb. per sq. in. and at no 
time during the first seven years of ex- 
ploitation has the formation pressure 


been permitted to fall below 1,200 lIb., 
though upwards of 23,000,000 bbl. of oil 
were produced during this time. Up- 
wards of 85 percent of the gas produced is 
returned to the reservoir rock, net gas-oil 
ratios—representing the difference be- 
tween the volume of gas produced and 
that returned to the wells—averaging 
only about 35 cu. ft. per bbl. All oil has 
been lifted by flow methods. It has been 
estimated that upwards of 35 percent of 
the gross original content of the Sugarland 
pool will be produced by the pressure- 
maintenance method, or about twice as 
much as would have been secured by 
ordinary methods of flowing and pumping. 
The cost of recompressing and injecting 
the gas has been only about 2-cents per 
barrel of oil produced. 

2. PRESSURE RESTORATION. This 
method is applied to partially drained 
reservoir rocks in which the field pressure 
has been largely depleted and in which the 
production rate has declined to low levels. 
Gas is forced into the productive forma- 
tion at the locations where conditions 
seem favorable, while all other wells are 
shut in until pressure is restored through- 
out the entire reservoir. The voids in the 
reservoir rock are thus filled with high- 
pressure gas, some of which is taken into 
solution in the oil. Several months, or 
perhaps a year or more will be necessary 
to build up the desired pressure, but 
when this pressure is reached, gas injection 
is stopped and all of the wells are per- 
mitted to produce under the influence of 
artificially rejuvenated field pressure. 
When the gas pressure has become ex- 
hausted by continued production, the 
entire process may be repeated if the 
probable value of a third crop of oil 
justifies the cost. 

In an experiment conducted in a large 
sand-filled pressure-drainage tank in the 
petroleum engineering laboratories of the 
University of California, ten successive 
pressure restorations to a maximum of 50 
lb. per sq. in. were made and the pressure 
exhausted eleven times, additional oil 
being secured with each pressure restora- 
tion from miniature wells penetrating 
the sand body. The first release of 
pressure, starting with the pore spaces of 
the sand saturated with oil, yielded 20.3 
percent of the oil content of the sand; the 
second yielded an additional 6.7 percent; 
the third, 6.5 percent; the fourth 4.5 
percent, and so on, each successive pres- 
sure restoration resulting in a smaller 
yield than the previous one. The cumu- 
lative total recovery, obtained by eleven 
exhaustions of pressure, was about 48 
percent of the saturated oil content of the 
sand. The results of this experiment can 
scarcely be accepted as comparable with 
what might be expected under field condi- 
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tions, but it is interesting to note that 
material contributions were secured by the 
second and third restorations of pressure. 

An experimental project on a field scale, 
to determine the efficacy of the pressure 
restoration method, was conducted by the 
Humble Oil and Refining Company in the 
Olney pool, a small field in north-central 
Texas. Here 21 wells had been drilled 
about 300 ft. apart into a small dome, the 
productive area being only about 80 
acres. After producing some 350,000 bbl. 
of oil by ordinary methods, including use 
of vacuum, the wells had about reached 
their lower limit of profitable production, 
averaging only two to three bbl. per well 
per day. During a period of nearly two 
years, about 109,000,000 cu. ft. of gas 
was injected into the partially drained 
reservoir rack through some of the wells, 
building up pressures about the injection 
wells to upwards of 400 lb. per sq. in. 
After standing for a time, pressures 
throughout the field became better equal- 
ized, the average field pressure being 
estimated at about 350 lb. per sq. in. 
During three subsequent years when the 
wells were again permitted to produce, the 
field yielded an additional 122,000 bbl. of 
oil, or about 35 percent of the primary 
production and the field pressure was still 
above 200 lb. persq.in. During produc- 
tion after repressuring, all surplus gas 
above what was needed for fuel purposes 
was reinjected at certain wells near the 
crest of the structure reserved for this 
purpose. This experiment was really one 
combining the principles of repressuring 
and pressure-maintenance. 

The pressure restoration method may 
only be applied in cases where the entire 
pool may be handled as a unit; where a 
single operating organization controls the 
entire structure, or where all of the opera- 
tors agree to a cooperative plan of pressure 
control for the entire field. One dif- 
ficulty is that of finding an extraneous 
source of natural gas for repressuring 
purposes. Compression costs need not 
be more than two to five cents per thou- 
sand cu. ft., but if the gas used must be 
purchased at high cost from outside 
sources, the investment in gas tied up in 
the process may be economically prohibi- 
tive. However, most of the gas will be 
later recovered, possibly at a time when it 
commands a unit price higher than that 
at which it was purchased. Hence a 
profit may be made on the gas though 
there is necessarily a considerable delay in 
its realization. A large part of the pro- 
duction may be brought to the surface by 
inexpensive flow methods when this sys- 
tem of exploitation is used. 

3. GAS DRIVING. This involves in- 
jecting gas into the reservoir rock through 
one well, causing it to migrate through the 





producing formation to another well, 
which is operated as a producer. In its 
movement through the reservoir rock the 
injected gas carries with it some of the 
residual oil, thus prolonging the produc- 
tive lives of the wells and stimulating the 
ultimate recovery. Several different vari- 
ations of the gas-drive process are in use 
involving arrangement of the injection 
and producing wells in different geometric 
patterns and different methods of control 
of the injected gas. Where gas is not 
available in sufficient quantity, com- 
pressed air may be used. 

This is the best known of the gas injec- 
tion methods and it has already found 
extensive application in many of the 
older, partially depleted American fields. 
Hundreds of properties and many thou- 
sands of wells are now being operated by 
this method in Pennsylvania, West Vir- 
ginia, Ohio, Oklahoma, Kansas and Texas. 
While the method is well known to oil 
producers, it is applied in rather primitive 
fashion by most operators, and it would 
appear that there is considerable oppor- 
tunity for increased efficiency in most 
cases. Possible improvements lie par- 
ticularly in selective pressure control in 
different component members of the reser- 
voir rock to avoid by-passing of beds 
containing much of the residual oil by the 
gas. Where there are marked variations 
in permeability in the different compo- 
nent members of the reservoir rock, the 
gas is likely to flow chiefly through the 
more permeable beds, leaving the less 
permeable strata untouched. The latter 
are also likely to have escaped drainage 
during the period of primary exploitation 
and often contain a large percentage of 
their original oil. Gas may be forced 
into the less permeable beds, if their posi- 
tion is accurately known, by setting pack- 
ers on a multiple system of telescoping 
tubing strings in such manner as to pre- 
vent access of the gas to the more per- 
meable beds; or by isolating each produc- 
ing interval so that gas under appropriate 
pressure may be forced into it, without 
regard to the pressures used on other 
producing intervals. Pressures applied 
to different intervals may thus be propor- 
tioned to their relative permeabilities and 
a uniform rate of advance of the injected 
gas through the reservoir rock attained. 

Where intelligently applied, the gas- 
drive process has seldom been unsuccessful 
in increasing the rate of production of an 
oil-producing property, and in many cases 
substantial increases in ultimate yield 
have been realized. An increase in the 
rate of production is usually observed 
soon after the process has been applied, 
and the increase continues for many 
months or years until a peak is reached. 
Decline from the production peak is often 
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Retrieving oil that would otherwise stay in the ground 
with a semi-portable cable-drilling rig, used in drilling 


“five-spot” wells for application of secondary recovery 
methods, northern Pennsylvania. 


slow, so that stimulated production may 
continue over many years. In some in- 
stances, production has been maintained 
at a stimulated rate for fifteen years or 
more. Estimates by competent author- 
ities, of increased ultimate yield, vary 
from 25 to 100 percent of the natural 
primary yield. An advantage of the gas- 
drive process is found in its universal 
application. Under almost any circum- 
stances it will increase recovery efficiency 
to some extent. Furthermore, it can do 
no serious damage to the producing for- 
mations, leaving the partially depleted 
oil reservoir rock in condition for applica- 
tion of other methods. 


Applicability and Efficiency of 
the Water-flooding Process 


Tuis method involves forcing water 
into the reservoir rock through one well or 
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Gas compressor plant and low-pressure gas- 
intake mains, Sugarland Field, Texas. 


a series of wells arranged in appropriate 
geometric pattern, causing the water to 
flow through the reservoir rock to other 
near-by wells which produce at an acceler- 
ated rate. As the water progresses slowly 
through the reservoir rock, it gathers 
ahead of its advancing front a bank of oil 
which is eventually forced from the reser- 
voir rock into the producing wells. Ifthe 
flood advances uniformly through the 
reservoir rock, the rock pores are left 
filled with water, the capillary-held oil 
previously occupying a part of the pore 
space being largely displaced. 

None of the gas-injection methods of 
recovery have any important influence on 
the volume of adherent oil retained by the 
reservoir rock, operating primarily in re- 
ducing the percentage of capillary-held 
oil. Water flooding, on the other hand, 
may under favorable circumstances re- 
cover a large part of both the capillary- 
held and adherent oil. Processes of 
recovery based on use of flowing gas can 
never be expected to recover in field prac- 


Diamond drill, used in coring oil sands in a 
northern Pennsylvania field. 


tice more than about 40 percent of the 
oil initially present. Water-flooding may 
be considerably more efficient, laboratory 
tests indicating a recovery fully 20 per- 
cent greater under comparable conditions. 
Under ideal conditions in laboratory ap- 
paratus, recoveries as great as 80 percent 
of the original oil content are sometimes 
realized. 

The water-flooding process has been 
successfully applied throughout large 
areas in the Bradford-Alleghany district 
of northern Pennsylvania and southern 
New York and the operations have in 
some cases been highly profitable. For 
a time, many thought that the method 
was successful because of peculiar condi- 
tions existing in the reservoir rocks in 
these areas, and that water flooding would 
not be widely applicable to other fields. 
However, investigations have lately shown 
that conditions in the Bradford field are 
not unlike those in many other fields, and 
recently the process has been introduced 
into Oklahoma and north Texas fields. 

As in the gas-drive process, one of the 
principal difficulties experienced in ap- 
plication of the water-flooding process is 
that of avoiding by-passing of water 
through the more permeable channels and 
component strata of the reservoir rock, 
leaving untouched the less permeable and 
more highly saturated strata and lenses 
of tight reservoir rock. Progress is being 
made in partially overcoming this difficulty 
by a process of delayed operation of the 
recovery wells, in which the fluids in the 
reservoir rock are maintained under ele- 
vated pressure from the injection before 
the recovery wells are opened for produc- 
tion. It would also seem to be feasible 
to control the relative volumes of water 
entering different component members 
of the reservoir rock and the injection 
pressures maintained on them, by setting 
packers on telescoping strings of tubing in 
such manner as to isolate different pro- 
ducing intervals from each other. 


An important disadvantage of the 
water-flooding method is that it leaves the 
reservoir rock water-logged, with such 
residual oil as it still contains unproduc- 
ible by any other methods of recovery 
now visualized. Due to present-day in- 
efficiencies in application of the flooding 
process, much oil is being left behind in 
flooded areas that will probably never in 
future be recovered by any method. 
Competent authorities state that present 
practice in the Bradford field is recovering 
only 40 percent of the residual oil after 
primary exploitation, from 5,000 to 20,000 
bbl. per acre being left in the reservoir 
rock. To the extent that the method 
fails to recover all of the drainable oil, it 
is destructive and is responsible for actual 
physical wastage of petroleum resources. 
Its use should only be permitted where 
there is assurance that the method will be 
intelligently applied and that a reasonably 
high percentage of the original oil will be 
secured. 

In comparison with gas-injection meth- 
ods of recovery, the water-flooding process 
also has the disadvantage of relatively 
high cost of application. Wells must 
generally be more closely spaced in water- 
flooding and the per-acre development 
cost is therefore greater. However, wells 
may be more widely spaced if higher in- 
jection pressures are used, and if a higher 
recovery per-acre is secured the unit pro- 
duction cost may be no greater than by 
gas-injection methods. 


Applicability and Efficiency of 
“Oil Mining”’ 

A CONSIDERABLE part of the ineffi- 
ciency of methods of oil-field exploitation, 
in which petroleum is produced through 
wells, is due to the comparatively small 
surface of reservoir rock exposed in the 
walls of the wells through which all oil 
must be drained. Enlarging the surface 
area exposed for drainage greatly increases 
recovery efficiency, reducing flow resist- 
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ance through the reservoir rock and per- 
mitting a greater ultimate oil yield. 
Driving mine openings directly into and 
through a partially depleted oil reservoir 
rock affords direct access to the areas in 
which most of the residual oil is concen- 
trated, and develops a maximum area of 
exposed surface to promote drainage. 
Instead of having to seek an outlet through 
restricted converging channels focusing on 
the comparatively small wall area pro- 
vided by one or a few wells, with neces- 
sarily high flow resistance, the much larger 
areas of mine drifts permit the oil to flow 
toward the drainage surfaces along par- 
allel lines offering comparatively little 
resistance. FEixpulsive forces within the 
reservoir rock may have reached an 
equilibrium with the forces resisting move- 
ment of fluids into wells, and yet contain 
sufficient residual energy to move large vol- 
umes of fluid into penetrating mine drifts. 

The problems and hazards incidental to 

the conduct of mining operations in sands 
containing petroleum and low-pressure 
natural gas have all been satisfactorily 
solved in the mining enterprises at Pechel- 
bronn and Wietze, and there seems to be 
no reason why the mining method may 
not be successfully applied to many or 
perhaps most of our partially depleted oil 
fields. Conditions more favorable than 
those presented at Pechelbronn for ap- 
plication of this method are found in 
many American oil fields, and only the 
comparatively low price commanded by 
American petroleum during the last dec- 
ade and the plentiful supply of petroleum 
from recently discovered flush fields, have 
prevented the inauguration of oil mining 
enterprises in the Appalachian and Mid- 
continent regions of the United States. 
Cost of producing oil in the Pechelbronn 
and Wietze mines has ranged from $2 to 
$5 per barrel. However, the sands in 
these fields are thin and poorly saturated 
and it is believed that under more favor- 
able conditions, such as might readily be 
found in certain American fields where the 
cost of mine development could be spread 
over a greater production, oil could be 
produced at a profit at present American 
price levels. Mining operations are nec- 
essarily costly and require a large capital 
investment which can only be justified by 
the large ultimate recovery that the 
method is capable of achieving under 
favorable conditions. 

Best results would be secured in an oil 
mining enterprise in fields where the 
reservoir rock is a sand or poorly con- 
solidated sand-stone, where primary ex- 
ploitation through wells has left the 
productive formation well saturated with 
oil, but largely gas-drained. Depth is 
only an economic barrier, it being tech- 
nically feasible to carry on mining opera- 
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tions to depths of many thousands of feet, 
but costs are moderately higher at greater 
depth. Higher recoveries of the residual 
oil are secured, and unit costs are there- 
fore lower, when the oil is of low viscosity 
and the reservoir sands highly permeable. 
The sand strata are preferably continuous 
and free from shale partings, stringers, 
cross-bedding and other lithologic and 
stratigraphic irregularities that tend to 
prevent free drainage of the rock fluids. 
Fhe oil sands and the overlying formations 
should be free of high-pressure water. If 
present in the oil sands, water will take 
possession of the drainage channels and 
create difficult recovery problems. If 
high-pressure water is present in the over- 




























lying formations, shaft-sinking operations 
are made more difficult and costly. 


Cuoice orSeconpaRy METHODS. The 
selection of one or another of the several 
methods of secondary exploitation for use 
in a partially depleted field will involve 
careful study of the limiting conditions 
presented, and estimates of rates of re- 
covery and ultimate recoveries that might 
be expected by each of the possible meth- 
ods. Of the possible methods, the one final- 
ly selected will, of course, be the one that 
can be applied with maximum profit. 

Some of the methods, such as the pres- 
sure-maintenance method and the pres- 
sure-restoration method, are appropriate 
for use only when property is held in large 
tracts. Preferably, the entire pool should 
be operated as a unit or should be con- 
trolled cooperatively. These methods are 
particularly applicable in regions where 
gas produced from flush fields has no 
adequate market and gas storage for fu- 
ture use is a secondary objective. The 







water-flooding process can be employed 
only in certain areas where its use has 
been authorized by law or by state regu- 
latory officials; otherwise, neighboring op- 
erators whose properties may be adversely 
influenced by flooding operations may 
secure legal redress. Unless there is as- 
surance that water flooding can be used 
more advantageously than any other 
method it should not be employed, as it 
prevents future use of possibly more ef- 
fective methods, such as oil mining. Gas 
driving is applicable under nearly all cir- 
cumstances, and would normally be the 
method selected unless some other more 
efficient method is also applicable. Drain- 
age through mine openings involves tech- 


Another gas-injection well, in Olney Field, 
Texas, 


showing casing and tubing head 


equipment. 


nical practices unfamiliar to most oil 
producers, and because of the large capital 
investment required, most operators are 
reluctant to attempt it. 

From the standpoint of gross cost of 
application, the mining method is most 
costly. Water flooding is probably next 
in order of cost, followed by pressure 
restoration, gas driving and pressure 
maintenance. However, the unit produc- 
tion cost by these several methods will 
depend upon the recoveries secured and 
the most costly methods may, under 
favorable conditions, be most efficient and 
lead to the lowest unit production cost. 
From the standpoint of recovery effi- 
ciency, in their present state of develop- 
ment, drainage through mine openings 
easily ranks first, followed in order of 
recovery efficiency by water flooding, 
pressure maintenance, gas driving and 
pressure restoration. 
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A striking tidal-wave effect created by the launching of a single-hull 

slotted barge, shown just at the moment of first hitting the water. At 

left a submergible drilling barge resting on bottom in eight feet of water 
in the Gulf Coast area. 


Submergible Barges for 
Gulf Coast Drilling 


Tae competence and efficiency of 
submergible drilling barges, as used in the 
lakes and marshes of the Gulf Coast, 
seem now well established. During the 
last four years, they have undergone the 
necessary period of trial and rearrange- 
ment until, now, what will probably be- 
come a more or less standard design has 
been arrived at. There are at present a 
fleet of twelve operating over a wide 
coastal area; from the very mouth of the 
Mississippi they are spotted westward to 
within a few miles of the Texas border. 

In designing the original submergible 
drilling barge, and bearing in mind that 
the scheme was experimental and some- 
what problematical, the unit was con- 
structed of two standard and salvage- 
able transportation barges paralleling 
each other, separated by eight feet and 
unified by deck trusses. Had the project 
failed, the only substantial loss would 
have been that of superstructure. 

Prior to the development of the drilling 
barge, it was common practise, and still 
applies to most operations, to drive piling 
in lakes, or build mat jobs in swamps. 

In that the barge was developed pri- 
marily to replace piling operations, it 
would probably be well to enumerate 
some of the more costly phases of lake 
drilling from pile driven structures. 

The teredo-infested waters of the Gulf 
necessitate the use of creosoted timbers. 


By G. L. McBride 


The Texas Co. 


A rig foundation calls for 260 piles of 
45, 50 and 60-foot lengths, averaging 
$30.00 each, or $7,800.00 worth of piling. 
Cost of driving these piles averages $9.00 
per pile, or $270.00. Pulling costs vary 
from $5.00 to $10.00 (the latter being 
contract price), and depreciation of piling 
due to cutting and driving from well to 
well amounts to $7.00 per pile. The 
drilling barge demands but 14 piles, and 
effects a saving of $5,040.00 per well. 

There is required 44,000 board feet of 
lumber costing some $2,200.00 to floor, 
cap and brace a piling job to which should 
be added $660.00 as the cost of labor. 
Part of the lumber is salvageable, so the 
net saving effected by the permanently 
built drilling barge is conservatively 
$1,400.00. 

The extremely corrosive, salty atmos- 
phere of the Gulf tends to destroy pipe, 
valves and fittings very quickly. This is 
especially true in the case of portable rigs 
where connections are torn down, trans- 
ported and rebuilt. On the drilling 
barges this equipment may easily be kept 
painted and its useful life greatly in- 
creased. On the water, tools are more 
easily lost than on land—each rigging up 
job shows innumerable small tools, tongs, 
wrenches, lights, cable, etc., far in ex- 
cess of drilling barge requirements. Past 
estimates allowed a differential of $1,- 
600.00 in favor of the barge, but with 
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usage of 350 lbs. steam requiring costly 
valves and connections, the actual saving 
is probably much higher. 

With the elimination of the work of 
erecting and dismantling derricks, setting 
and tearing down of mud, fuel and water 
tanks, the drilling and boiler barges im- 
mediately save $800.00. 

Records of eight representative pile- 
driven wells show an average of ten days 
for rigging up and seven days for tearing 
down. High winds and rain, which are 
more usual in Gulf Coastal areas than 
elsewhere, contribute to delays in this type 
of work. Rarely is a drilling barge de- 
layed in making a move, and it is a fre- 
quent occurrence to complete one well in 
the morning and spud in on the next well 
within sixteen hours. 

When it is considered that during the 
average of sixteen lost days attributable 
to rigging up and tearing down there are 
additional costs, such as barging and boat- 
ing, maintenance of camp, cook and 
helper, emergency stand-by lugger with 
pilot and gasoline expense, daily trips by 
foremen during construction, and pro- 
portionate cost of all boat-house and dis- 
trict overhead expense, the saving ac- 
complished through elimination of the 
above has been estimated to amount to 
$4,918.00, the figures being taken from 
average of a number of wells. 

Considering only the economies referred 
to above, there is realized a saving of 
approximately $15,000.00 per well with 
the drilling barge. 
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One of The Texas Company’s boiler barges 

in the Gulf Coast district, before erection 

of building. The view on the right shows 

pipe racks, engine-house floor and the base 
of the derrick. 


As against removing the entire assembly 
of a conventional pile-driven foundation 
piece by piece—including piling, the twin- 
hull submergible drilling barge shown in 
the accompanying illustration may be 
raised in a few hours and the entire rig 
towed away intact, by a 40 horse-power 
tow boat. 

Five of the larger type twin-hull drilling 
barges are in active use. The hulls are 
10 ft. deep, while pipe racks, mud ditch, 
slush pit and pump compartment are 
elevated or protected to at least five feet 
above barge deck. The unit is therefore 
capable of drilling in a lake or bay 12 or 13 
ft. deep. This still allows an additional 
two or three feet for high tides or wave 
action and spray protection. 

These particular five heavy duty rigs 
are capable of drilling to depths far be- 


Small single hull slotted submergible barge, 
now about three years old: this design is re- 
turning to popularity. 
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yond the limitations of present drill pipe 
or casing. Five wells have been com- 
pleted at Lafitte, Louisiana, where 75% in. 
casing is cemented at from 9,500 to 9,700 
ft. Exclusive of pipe a 15,000 ft. well 
could be drilled using a safety factor of 
4:1. The drilling equipment, including 
the 30 ft. base, 136 ft. high, 800,000 lb. 
capacity derrick, all drill pipe, auxiliary 
equipment and four or five hundred 
barrels of mud demand in the neighbor- 
hood of five ft. draft for towing. Were 
the lake shallower than 5 feet, drill pipe 








and mud could quickly be removed, and 
draft reduced to about four feet. For 
lakes or bays shallower than four feet the 
operator must resort to dredging. 

An accompanying illustration shows 
the general arrangement. In the fore- 
ground are the pipe racks. The lower 
part of the derrick is shown, as also, the 
unusually large derrick floor (30 x 44 ft.). 
In the background is the steel floor of the 
engine house, while immediately under 
the engine house are the slush pit and 
pump compartments. The trusses shown 
just under the derrick legs carry the en- 
tire rotary table and floor load, and trans- 
fer it evenly over both barge decks (there 
is no vertical posting under the rotary), 
while the barges themselves are longi- 
tudinally framed to spread loading over 
entire barge bottom. 

Most recent twin-hull barges are 56 ft. 
x 120 ft. over-all, with hull 10 ft. deep and 
superstructure 11 ft. high. The unit is 
designed to support 7,000 ft. of 754 casing 
stacked on either side of the table while 
at the same time 10,000 ft. of 41% in. 


drill pipe hits the table with a 50 percent 
additional shock load. 

Boiler barges are also shown in an ac- 
companying illustration. Four 125 HP 
350 lb. steam pressure oilfield boilers are 
mounted on a barge whose width is lim- 
ited to 28 ft. for transportation through 
narrow canals and bridges. If necessary 
the twin hull barges can be dismantled 
and separated, width then being reduced 
to 24 ft. 

Beneath the boilers is the 1,000 bbl. 
water storage tank which eliminates neces- 
sity for erecting storage. 

Cost of the barges varies considerably. 
A single hull slotted barge designed to 
drill to 5,000 ft. can be built for $11,000.00. 
Similar barges for 8,000 ft. drilling cost 
$16,500.00. A twin-hull barge capable of 
10,000 ft. drilling costs $26,000.00, while 
one for 15,000 ft. will amount to $31,- 
500.00. <A single hull model designed for 
15,000 ft. drilling should cost between 
$22,000.00 and $25,000.00. 

The above costs include superstructure, 
pipe racks, reserve mud pits, mud pump 


Efficiency of Steam Power 


(Continued from page 228) 

to the end of the stroke since no flywheel 
effect is available. This eliminates all 
possibility of using any of the expansive 
force of the steam and the steam used by 
the steam end is measured entirely by the 
volumetric displacement of the steam 
pistons. The resulting steam consump- 
tion of the direct acting duplex pump is, 
therefore, approximately 60 lb. per hy- 
draulic horsepower per hour. 

In order to effect heat conservation at 
this point two types of slush pump prime 
movers have been used. The multi-stage, 
high speed steam turbine driving through 
reduction gears has been used with satis- 
faction from a steam economy standpoint 
but the characteristics of this type of 
prime mover are not entirely favorable 
since constant torque is not available at 
all speeds and since the low speed or 
stalled torque is not sufficiently high. 
Any slush pump and its prime mover must 
be capable of developing the highest pos- 
sible mud pressure when stalled if it is to 
be most successful from a field operating 
standpoint. The steam engine as a prime 
mover meets all the torque requirements 
of a slush pump drive and if of the correct 
size for the work will have an equally 
favorable steam consumption as the multi- 
stage non-condensing turbine. Thesteam 


engine can be either of the single cylinder 
or twin cylinder type and either direct 
coupled to the pinion shaft of a power 
slush pump or drive it by V-Belt drive. 

If the load required of the particular size 
of steam engine chosen is such that the 
engine will carry the load at 30 percent 
cutoff the steam consumption will be ap- 
proximately 30 lb. per hydraulic horse- 
power per hour as compared with a steam 
rate 60 lb. on a direct acting pump. This 
is decidedly in the direction of heat con- 
servation. If the load on the engine is 
such that a cutoff greater than 30 percent 
is required the steam consumption may 
reach a maximum of 40 lb. per hydraulic 
horsepower per hour and even this figure 
represents a 3314 percent reduction in the 
steam consumption of the slush pump. 
According to the A.S.M.E. test of a rotary 
rig made in Oklahoma City in 1932 by 
Professor William H. Carson of the Uni- 
versity of Oklahoma the steam used by 
the direct acting slush pump is about 70 
percent of the total steam generated. It, 
therefore, will be seen that a steam engine 
driven power slush pump will conserve 
between 25 percent and 35 percent of the 
total steam used. 

Up to the present time it has been the 
universal practice to drive the rotary 
table with the hoisting engine through 
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and slush pit, engine foundation, stair- 
ways and walks, spuds and all interior 
valves and controls. 

A boiler barge, including superstructure 
and reserve water tank costs approxi- 
mately $9,000.00. 

The advantages of the drilling barge 
over pile-driven foundations may be sum- 
marized as follows: 


= 


. Greatly reduced drilling costs. 

2. More wells per year per rig, which means 
more and earlier production. 

3. Reduced fire hazard. The flooring is the 
only wood on the unit. 

4. A far stronger and more reliable founda- 
tion for water and swamp areas. 

5. Reduced rig maintenance. Being perma- 
nent the crews take splendid care of the 
machinery. 

6. They are unaffected by fairly high winds, 

waves and storms. 

. In case of blow-out and crater, equip- 
ment is floated away as against being 
lost. 

8. Permit delaying choice of subsequent 

location till drilling well finds the oil- 

sand. A distinct advantage in the case of 
piercement type domes. 


chain drives from engine to hoist and 
from hoist to rotary. The power re- 
quired to drive the rotary table is rela- 
tively small compared with the capacity 
of the hoisting engine and the engine, there- 
fore, is operating at a very uneconomical 
load factor when driving the rotary table. 
This is especially true if the engine is not 
equipped with a device for shortening the 
cutoff so as to realize some steam economy 
from the expansive force of the steam and 
reduce the inefficiency due to throttling. 
In order to effect improvement at this 
point one manufacturer has developed a 
separate steam engine drive for the rotary 
table. This engine is much smaller than 
the regular hoisting engine and, therefore, 
operates at a favorable load factor at all 
times. It is equipped with cutoff control 
and is reversible. The engine is direct 
connected to the rotary table through a 
gear box of suitable ratio to provide the 
desired range of rotary table speeds. It is 
of the twin vertical, high speed, piston 
valve type and is mounted on a rigid self- 
contained structural frame along with the 
rotary table so that the entire assembly is 
moved as a unit and kept in alignment. 
Since the rotary usually develops a maxi- 
mum load equal to the capacity of the 
engine and a choice of cutoff is provided 
for the lighter loads, it is estimated that a 
saving of steam of approximately 20 per- 
cent of that ordinarily required for driving 
the hoisting engine for drilling will result. 
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An Infallible Eye 9000 Ft. Down 


Instruments Have Now Been Perfected Which 


Furnish an Accurate Picture of the Direction of 


Drill Hole Enabling The Operator to Control 


Direction. 


In the Superior Court of the State of Cali- 
fornia, in and for the County of Los Angeles. 

Alphonzo E. Bell Corporation, a corpora- 
tion, et al., Plaintiffs, vs. Bell View Oil Syndi- 
cate, et al., Defendants. 


(1) One who drills an oil well on his own 
land and permits the drill to drift 1,500 feet 
away into the lands of another and with 
knowledge of the bottom puts the well on 
production is liable for trespass and for con- 
version of the oil taken from the stranger’s 
land. 

(2) The fact that at the time of the drilling 
of such well the facilities and appliances had 
not been perfected and the knowledge of 
drilling had not advanced so that directional 
drilling was an art and the drilling of straight 
holes was unknown, did not justify an opera- 
tor in drilling into strange lands at a distance 
of 1,500 feet from the surface location and 
placing his well on production at that point, 
notwithstanding the pool produced from 
extended into the lands of the drilling party. 

(3) Where a fraud is committed by an 
underground trespass concealed at the time 
of the commission and concealed for eight 
years thereafter from the injured party, the 
statute will be tolled, notwithstanding scouts 
may have had access to the derrick and the 
log books of the driller. 

In view of one of the points raised by Mr. 
Kothny in the accompanying article, the 
above ruling of the Superior Court is interest- 
ing as an indication of the importance of 
accurate well surveys.—Editor. 


Asovr ten years ago the production 
industry awakened to the fact that 
crooked holes were a common occurrence 
and that the results of crooked holes were 
detrimental and affecting every phase of 
development and producing operations. 

This realization brought about a con- 
siderable activity in creating more re- 


By G. L. Kothny 


liable underground well surveying instru- 
ments than those known and used at that 
time. The close relationship between oil 
producers, engineers, and scientists made 
possible the development of well survey- 
ing instruments giving accurate and re- 
liable records, records which now are being 
accepted by the courts in underground 
trespass cases. 

The existence of well surveying instru- 
ments giving reliable information regard- 
ing the true course of the hole has made 
possible the development of the directed 
drilling (controlled steering of the drill 
stem), which during the past three years 
has been reduced to a practical art, en- 
abling the producers to complete their 
holes at any point within a reasonable 
horizontal distance from the derrick 
location. 

Well surveying and controlled directed 
drilling are closely related. Directed 
drilling cannot be executed successfully 
unless there is available an accurate and 
reliable survey of the existing course of the 
hole, and a reliable surveying instrument 
for checking the setting of the deflecting 
tools and the progress of the directed hole 
to its objective. 

A reliable and accurate survey can be 
obtained by the use of an automatic, self- 
checking, gyroscopic well surveying in- 
strument, which is not subjected to 
magnetic influences underground, by ore 
bearing strata or by lost piping or tools, 
and the accuracy of which is also not af- 
fected by the tortuosity, torsional re- 
sistance and human errors in sighting, 
which may occur if the method of drill 
stem orientation is being used in making a 
survey. 

The instrument illustrated in Figure 1 
uses a gyroscopic, directional indicator for 
recording the true North-South direction. 
Use of the second property of the gyro- 
scope, the precession, is made in compen- 
sating the gyroscope for the earth rota- 
tion. The gyro pointer is oriented to a true 
North point and balanced so that it will 
remain true North during the survey. 


To the face of the gyroscopic case, illus- 
trated in Figure 2, are attached an accu- 
rate clock and a thermometer. A surface 
clock, identical and synchronous with the 
instrument clock, is used for recording the 
time at certain depth intervals, thereby 
correlating each exposure with the depth 
at which it wastaken. The inclination is 
recorded either by a spherical box level 
gauge, or by a pendulum inclination unit. 
Between the gyro and the box level gauge 
is arranged an unique movie film camera, 
shown in Figure 3, with two lens barrels 
pointing in opposite directions, one to- 
wards the face of the gyro, the other to- 
wards the box level gauge. This camera 
is operated by an electric motor and con- 
trolled by a timing device, which also con- 
trols the illumination necessary to take 
the pictures at desired depth intervals. 

The camera uses 50 ft. of 16mm. film 
and has a capacity of about 1000 records. 
It superimposes one picture upon the 
other so that a combined record, as shown 
in Figure 4, of inclination and direction is 
secured. These records are made while 
lowering the instrument into the hole and 
also while bringing it out of the hole, 
hence duplicate records at all depths are 
obtained, providing a check. When the 
instrument is returned to the surface, the 
film is developed and the records, enlarged 
by a projector, are interpreted and a map 
of the hole is drawn. 

The instrument is enclosed in a case of 
heavy steel tubing, so constructed as to 
resist the large hydrostatic pressures en- 
countered when lowered into the hole. In 
cased holes the instrument is lowered on a 
%{6 in. wire line; in open rotary drilled 
holes the instrument is lowered on the 
drill stem or tubing as fast as the drilling 
crew are able to assemble or disconnect 
the stands. Records are being taken 
while the drill pipe is at rest in the slips. 

The time required for an in and out sur- 
vey of a 9,500 ft. hole is about three and 
one-half hours if the instrument is lowered 
on the wire line and if lowered on the drill 
stem, the time required will correspond to 
that of a round trip with the drill stem. 
In California, holes of 9,500 ft. depth have 
been surveyed on the in and out run on 
the drill stem in seven and one-half hours. 

The instrument can easily be trans- 
ported as it weighs only 45 lbs. The 
weight of the protective steel tubing is 
approximately 1,300 lbs. The gyroscopic 
instrument can be operated by any tech- 
nically trained person with production ex- 
perience after a brief training. The out- 
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Figure 1 











Figure 2 


standing advantages of this instrument 
are: 


. Its speedy operation. 

. The automatic recording. The data 
obtained is not affected by human errors. 

. It makes two surveys in one round trip 
providing a positive check. 

4. It permits the making of confidential 

surveys. The gyro pointer can be ori- 

ented in any desired direction, known 

only to one person. 


el 
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The data obtained through the survey 
will provide all information necessary for 
planning correctional measures and direc- 
tional drilling. 

To check the settings of the deflecting 
tools and the progress of the directed hole 
to its objective, it is not necessary to have 
an instrument giving continuous records. 
Only a single reading of the direction and 
inclination is required. Various types of 
Directional Single Shot Clinographs have 
been developed. The majority of them 
use a magnetic needle or a compass for 
directional information and a plumb bob 
for inclinational information. The rec- 
ords are made photographically on sen- 
sitized paper. 

The instrument shown in Figure 5 is 


Figure 4 


distinct from the many others available, 
having: 

1. A floating compass, elastically supported 
by its buoyancy, not requiring latitudinal 
adjustment nor being subject to inaccu- 
racies resulting from cracked jewel bear- 
ing or friction in gimbals, able to with- 
stand the most severe abuse which it 
may meet when being lowered into the 
hole. 

2. A plumb bob cross hair suspended by 
three universally mounted arms, making 
the plumb bob unit more rugged and in- 
fallible under abuses, also reducing the 
swinging period of the pendulum. 

3. Recording a photograph of the floating 
compass superimposed by a shadograph 
of the plumb bob cross hair, giving ex- 
treme accurate and self-checking results. 

The instrument as well as the protec- 
tive casing are made of non-magnetic ma- 
terials. It is used in open holes only, be- 
ing lowered on a sand or bailing line at 
speeds ranging from 400-800 ft. per 
minute. It is allowed to rest for about 
four minutes at the depth at which the 
record is to be taken, after which it is 
pulled out of the hole. The record is 
available within five minutes after the in- 
strument has come out of the hole. 

The operation of single shot instru- 
ments is extremely simple and does not 
require any special knowledge of photog- 
raphy. Daylight loading and daylight 
developing devices are furnished with the 
instrument as well as all necessary photo- 
graphic and electrical supplies, all of which 
are contained in a conveniently arranged 
metal case. 

The record obtained gives degrees of in- 
clination off the vertical, also the mag- 
netic North, as illustrated in Figure 6. 
To read the direction, a celluloid dise with 
a hair line is furnished, which hair line is 
run through the center of the dise and the 
intersection of the cross hairs of the plumb 
bob and is extended to the bearing gradua- 
tion at the outer circumference of the 
disc. 

The inclination units are interchange- 
able to meet with an extreme degree of ac- 
curacy every condition that may be 
encountered. 

With a ten degree inclination unit, 








Figure 3 


angles as small as one quarter degree can 
be easily and accurately measured, and 
the direction is measured within one de- 
gree on any inclination unit. 

Instruments are available in two sizes 
with an outside diameter of the protective 
casings of three and one-half inch and one 
and eleven-sixteenth inch. The smaller 
size instrument can be used advantage- 
ously in connection with Barrett-Robi- 
shaw or other similar type core barrels. 

After removing the core barrel and 
raising the drill stem about 15 to 20 ft., 
the instrument is lowered through the 
drill collar to the bottom of the hole and a 
record is obtained, without making it 
necessary to pull the drill stem com- 
pletely out of the hole. Considerable 
saving in time is obtained with this 
method of operation. 

Directional magnetic single shot clino- 
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graphs receive considerable abuse in the 
hands of the drilling crew and it is there- 
fore advisable to have these instruments 
checked and serviced at regular time in- 
tervals. These instruments are usually 
rented on a daily or monthly basis in the 
United States. The rental fees cover fur- 
nishing the instrument, the accessories, as 
well as a liberal amount of photographic 
and electrical supplies free per month; 
they also cover the inspection service and 
free replacements, making available to the 
renter at all times accurate and reliable 
recording means. 

Computations of continuous or single 
shot surveys are usually made by the 
Latitude and Departure method. In this 
method it is assumed that the course 
length between two observation points is a 
straight line and the hypotenuse of a right 
triangle, the angle of which is the angle of 
inclination, and that this angle exist 
throughout the course length. Obviously 
this is not so because the angle changes 
gradually. But since records are usually 
taken at intervals of less than 100 ft., and 
since a change of more than nine degrees in 
the angle of inclination very seldom occurs 
in depth intervals of 100 ft. or less, this 
method is as accurate as can possibly be 
obtained consistent with good practice. 

If records are obtained at greater inter- 
vals than 100 ft. or when the change of 
angles is great, or if there are large changes 
in the direction, corrective measures must 
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be applied by assigning averaged angular 
increments to equally spaced sections of 
the course length. 

Latitude refers to the position North or 
South, while Departure refers to the posi- 
tion East or West of the mouth of the well 
on the derrick floor. 

To locate any point of the course of a 
hole it is necessary to know its true ver- 
tical depth, its latitude and departure. 

The true vertical depth is obtained by 
multiplying the course length by the 
cosine of the angle of inclination (see 
Figure 7). The course deviation is the 
product of the course length by the sine of 
the angle of inclination. 

The departure (East or West position), 
is obtained by multiplying the course 
deviation with the sine of bearing angle 
and the latitude (North or South position) 
is the product of the course deviation with 
the cosine of bearing angle (see Figure 8). 

All these functions are tabulated in a 
working sheet such as illustrated in Figure 
12, and from this data a map of the course 
of the hole in three projections, Horizon- 
tal, Vertical East West Plane and Vertical 
North South Plane, is plotted on cross 
section paper. 

An examination of the results of several 
hundred surveys would indicate: 

a — there is not one absolutely straight 

ole. 

2. That the majority of holes spiral in a 
clockwise direction, unless exceptional 
conditions exist. 

3. That holes with very small angles of 
inclination spiral more than those with 
large angles of inclination. 

4. That when reaching large angles of in- 


clination, holes nearly always drift off 
in one vertical plane. 


The information obtained from a survey 
together with the proper knowledge of the 
vertical depth of geological horizons, the 
hole’s influence on the accurate contouring 
of the structure and the dip observed 
from core laminations form the considera- 
tions when planning controlled directed 
drilling. 

Controlled directed drilling accom- 
plishes two purposes and is used as a cor- 
rective measure, and as an economic meas- 
ure to save expenses and secure more oil 
production. 

As previously stated, one of the rarest 
things in the oil fields is a perfectly straight 
hole. The bringing back of a hole that 
has wandered away from the vertical to a 
point beneath the derrick, may be con- 
sidered a corrective measure. So may be 
considered the redrilling (to the same pro- 
ducing horizon), of a hole which has 
ceased production and when surveyed 
was found to be bottomed in the wrong 
place. 

The uses of controlled directed drilling 
as an economic measure are many fold. 


There are oil fields located off shore un- 
der the ocean or under lakes or river beds, 
which to penetrate would cost huge sums 
of money. In fact, the cost of construct- 
ing piers, sometimes as much as one-half 
mile out into the water, the cost of provid- 
ing adequate foundations to support the 
drilling platform and derrick, and finally 
the cost of supplying transportation to the 
point of operation can easily exceed the 
actual cost of drilling the well. 

Obviously, elimination of pier, founda- 
tion and transportation costs would repre- 
sent big savings. Directed controlled 
drilling makes such savings possible. By 
virtue of this method, convenient spots 
near the shore can be selected from which 
the drilling can be directed at an angle 
to the oil sand located beneath the sea, 
as shown in Figure 9. The history of 
directed drilled wells in the Huntington 
Beach field in California with more than 
thirty wells bottomed within an area of 
slightly less than twenty acres under the 
Pacific Ocean with angles of inclination as 
high as sixty degrees, is well known. 

If the pier method of reaching a sub- 
merged location is found necessary, direc- 
tional drilling can still be employed ad- 
vantageously. Instead of drilling one 
hole from one foundation and derrick, 
directed drilling makes it possible to drill 
several holes from one foundation. By 
directing the course of each hole, the sub- 
merged field can be penetrated over an 
area equal to that of six or seven individ- 
uallocations. This method has been used 
with success by the Barnsdall Oil Com- 
pany in the Elwood Field, California, 
where the greater portion of the produc- 
tive area lies beneath the Pacific Ocean. 
When drilling two or more holes simul- 
taneously or concurrently, there is also 
the possibility of running the drill pipe 
into an adjacent hole, when being pulled 
from another hole, thereby eliminating 
the necessity of racking the pipe and ac- 
tually saving half the time of a combined 
round trip. The same principle of steer- 
ing the drill pipe is also used to avoid 
undesirable geological strata or to reach 
oil sands located under overhanging salt 
domes. As is indicated in Figure 10 at 
the right side of the illustration, a vertical 
well may mean drilling through cap rock, 
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which usually covers the salt, and then 
through salt and shale before reaching the 
oil sand. Drilling through cap rock and 
salt is accompanied by many expensive 
troubles and is something to be avoided. 
Directed drilling makes it possible to cut 
around such formations. 

Directed drilling can also be advan- 
tageously used around objectionable situa- 
tions, where the surface topography makes 
drilling at an angle from a lower location 
preferable to deeper drilling through a 
hill, as shown in Figure 11. As is readily 
perceptible, this method of tapping an 
awkwardly located field is very economi- 
cal—many feet of unnecessary and expen- 
sive drilling is avoided, as well as the cost 
of building a road to the site and the 


cost of transporting drilling materials to 
the top of the hill. 

Controlled directed drilling requires 
three things: 


1. A deflecting tool. 

2. An apparatus or instrument to orient 
correctly the deflecting tool. 

3. An accurate and reliable surveying instru- 
ment to check the progress of the directed 
drilled hole. 


The deflecting tools mostly used are 
the whipstock (permanent or removable), 
and the knuckle-joint, a patented tool 
having a universal joint incorporated 
below the tool joint. The selection of 
the proper tool is made according to the 
formation to be penetrated. The tool is 
oriented in and its correct position is 


selected according to existing conditions, 
are run to follow through the hole made 
by the knuckle joint. 

The course and deviation of the new 
hole are checked frequently and the rec- 
ords obtained from the surveying instru- 
ment more or less control and direct every 
move in the controlled drilling. 

Directed drilling is now extensively 
used for legitimate purposes in all rotary 
drilled oil fields in the United States. In 
the earlier days, this practice has been 
abused by a number of smaller operators, 
particularly in the Huntington Beach and 
Signal Hill Field in California. Recent 
judicial decisions, which were the outcome 
of actions brought by legitimate opera- 
tors for protection against deliberate 
trespassers, have established that under 
present statutes the owners of a crooked 
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hole are liable financially for every barrel 
of oil they have taken from under the 
surface of an adjoining tract, whether the 
trespass was an innocent or willful one. 

As a protection against becoming a 
defendant in a trespass case, it would seem 
advisable to have every edge well sur- 
veyed with the gyroscopic instrument 
described above. The accuracy and re- 
liability of this instrument has been recog- 
nized by the courts and the records ob- 
tained from it have been used as prima 
facie evidence in trespass cases. 

If a well is not drilled within the bound- 
ary of a property with the tools and in- 
struments now available and with the 
experience attained by the petroleum in- 
dustry, the operator either does not want 
to or does not know how. 


Sirk HENRI DETERDING celebrated his 
seventieth birthday on April 19th: May 
15th marked the fortieth anniversary of 
his connection with the Royal Dutch 
Group. During those forty years Sir 
Henri has risen to foremost rank as a 
leading petroleum executive of a world 
wide organization which he directs as 
actively and ably today as he has through- 
out his. two score year connection with 
that vast company. 

The following cable, expressing tribute 
to his friend, was received from Walter 
Teagle: 

“If a student wants a comprehensive 
understanding of the origin and develop- 
ment of the petroleum industry he can 
acquire it most interestingly by reading 
of the careers of two men still living. 
One of them 96 years old, and the other 
but 70. Sir Henri Deterding pioneered 
just as truly as did John D. Rockefeller. 
His work was to extend and enrich the 
Empire of Petroleum founded by his il- 
lustrious senior, and to make its products 
available to millions far removed from 
oilfields. He is a truly great man, always 
a builder, never a destroyer, whose vision, 
courage and abounding energy have in- 
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B. P. Newton 


spired thousands of workers in advancing 
the outposts of Royal Dutch-Shell to the 
remotest quarters of the globe. 

‘““W. C. TEAGLE.” 
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BB. p. newron for the past several 
years has been located at Antwerp in 
charge of Gulf’s European marketing 
operations. Mr. Newton now has been 
transferred to the company’s general 
headquarters in Pittsburgh and has been 
elected Vice President of the Gulf Oil 
Corporation. He is in charge of all ex- 
port marketing operations and exercises 
executive control over the European sub- 
sidiaries. Mr. Newton’s many European 
friends will be glad to know that the duties 
of his position will require frequent trips 
to their side of the Atlantic so that his 
genial personality will not be lost to them 
entirely. 


Gsuy WELLMAN, Director of the Near 
East Development Corporation, and Mrs. 
Wellman, were passengers on the WASH- 
INGTON which left New York on April 
8th for Europe. 


Tue Oil Industries Club gave their 
seventh annual ball at the Savoy Hotel 
on Thursday evening, April 23rd. The 
President, William J. Wigney, Esq., and 
Mrs. Wigney, supported by members of 
the Committee and their ladies, received 
members and guests, who numbered 500. 


C. p. NEWMAN, managing director of 
Newman, Hender and Co. Ltd., Wood- 
chester, England, is visiting the United 
States. Mr. Newman was a passenger 
on the BERENGARIA which left England 
on April 15th. 


RR. s. pryspa.e, Sun Oil Co., left New 
York April 1 for Europe. 
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Pressure Drilling Formerly Improvised in the 


Field as a Last Resort, Now Receives Careful 


Study and Advance Planning as to Technique 


and Equipment. 


Axy article dealing with the subject of 
pressure drilling should at the outset make 
clear just what is meant when using this 
term. Pressure drilling, or pressure con- 
trol, is a method of rotary drilling by which 
the drilling fluid is maintained in a closed 
pressure circuit. The pressures may be as 
high as the ability of the equipment to 
withstand them, or as low as a column of 
aerated oil will produce; they may be de- 
rived from the well itself—gas, oil or water 
in the formation—or from an outside 
source, such as pumps in the pressure cir- 


By James C. Fortune 


cuit. The drilling cuttings must be 

brought to the surface and removed while 

the closed circuit is maintained. 

Pressure drilling permits the successful 
application of methods which otherwise 
could not be attempted with the conven- 
tional rotary system. 

1. The hydrostatic head of any drilling mud 
can be increased without the addition of 
weight material. 

. The hydrostatic head of weight material 
can be further increased to as much as 
2500 lb. per square inch. 

3. Formation pressures such as gas, oil or 
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The hydraulic rotary table above is drilling 
with a 4-inch drill pipe, in Canada. Below 
is a flow bean manifold on a wellin Burmah. 


water can be equalized by a combination 
of mechanical and hydrostatic pressure 
heads. 

4. Drilling can be done without sealing off 
production, as pressure control permits 
using an aerated fluid column—with less 
hydrostatic head—than the bottom hole 
pressure of the well. The production in- 
creases are noted as the formation is be- 
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ing drilled and any water strata are 
immediately detected. 

5. Chemically treated drilling fluids can be 
brought into closer contact with the 
formation, if greater penetration can be 
secured through greater pressure. 

6. A well can be brought in with a controlled 
flow, where high initial velocities might 
cause heaving and caving, or otherwise 
disturb the producing horizon. 


A review of past efforts in pressure drill- 
ing, where one or more of the above sets 
of conditions existed, will indicate what 
might be expected with pressure control 
methods being used by a trained per- 
sonnel with complete and improved 
equipment. 

In Mexico, oil was found in a porous 
lime at about 2000 ft. under 1100/1500 
lb. pressure, at a volume capable of pro- 
ducing up to 150,000 bbl. per day through 
8 in. casing. When drilled in with cable 
tools, wells were set on fire when the tools 
were blown from the hole: drilling cables 
were bunched in the valves and they were 
blown off the casing; tools were stuck in 
the hole and lines had to be cut before the 
valve could be closed; in many cases the 
wells could not be drilled in before the oil 
flow made it necessary to come out of the 
hole, and, if they were drilled in, forma- 
tion being carried in the unrestricted oil 
flow would bridge the well, the casing or 
the well head connections. 

Pressure drilling permitted balancing 
the fluid column in the well with the for- 
mation pressure, and the wells could be 
drilled as far as was desired into the pro- 
ducing limestone without any loss of 
production or blowing of formation. All 
fire hazard was eliminated. 

In Trinidad, production was found in 
very fine silty shale and sand, at 3000/ 
4000 ft. under 1000/2000 lb. pressure, 
overlaid by heaving shale and volcanic 
ash. With cable tools it was difficult to 
carry any length of casing in this forma- 
tion, and open hole could not be carried 
ahead of the shoe. Rotaries could make 
unlimited hole, but the hole would be lost 
in the shifting formation while changing 


In Burmah — returns from flow bean were 
passed over a suspended vibrating screen and 
aerated to eliminate contained gas. 








bits. When heavy weight material was 
added to condition the hole made, it also 
sealed off production. When the wells 
were flowed hard enough to clean them- 
selves of the heavy drilling fluid, they 
often carried such quantities of silty shale 
and fine sand into the hole as to com- 
pletely kill them. Redrilling in many in- 
stances would not bring back the produc- 
tion to anything like its original volume. 

By pressure drilling methods, wells 
were drilled with a light drilling fluid and 
screen pipe set under pressure control. 
The wells were washed with water and 
finally oil with well pressures maintained 
in balance with formation pressures. 
When wells were put on production with 
a controlled flow—instead of being al- 
lowed to clean themselves—a minimum 
of sand was produced, with the oil and gas 
conserved, resulting in a much greater 
ultimate recovery. 

In Canada, oil was found in tight lime- 
stone at 5000/6000 ft. under a pressure of 
2000/3000 lb. Gas expanding from the 
tight lime at the bottom of the hole, pro- 
duced temperatures down to 75 deg. 
below zero. Drilling mud with a hydro- 
static head to balance the formation 
pressure would freeze to ice in these low 
temperatures and stick the drill pipe. Oil 
as a drilling fluid became badly cut with 
the naphtha produced, and had a hydro- 
static head below well pressure, as well as 
too little viscosity to carry ordinary 
rotary cuttings out of the well. 

Pressure drilling equipment, by the 
combination of mechanical and hydro- 
static pressure heads, permitted the use of 
oil as a circulating fluid. By using a 
hydraulic feed with the equipment, bit 
cuttings were fine enough to be carried in 
suspension in the lighter circulating 
medium. 

The Khaur field in the Punjab, India, 





Notice the frost on the well head fillings of 
this Canadian well, while high pressure 
naphtha gas is flowed at 75 deg. below zero. 


has probably the highest recorded pres- 
sures of any oil field. The formation is 
hard shale, with very poor mud-making 
qualities, interbedded with lenses of sand. 
Small production is found at a number of 
depths but the high pressures are met 
below 4000 ft. The salt water and oil 
originally sealed in the formation have 
been subjected to later geological move- 
ment which has put the whole anticline 
under tremendous pressure. 

Pressures over 5000 lb. per sq. inch 
have been recorded, but the volume of 
fluid under these pressures is very small. 
An attempt to drill with ordinary rotary 
methods, using the heaviest weight mate- 
rial, was unsuccessful. When the pres- 
sure zone was penetrated, the formation 
backed by these high pressures, would 
“‘explode” into the hole, heaving up 
around the bit and sticking the drill pipe. 
A number of wells have been completed 
at Khaur using pressure control methods 
(WORLD PETROLEUM, April 1935). Well 
head pressures were carried to the point of 
creating a condition of balance, where the 
well would neither make nor take fluid. 
At a depth of 5300 ft., a stuffing box pres- 
sure of 2000/2300 lb., imposed on a col- 
umn of mud fluid weighing 85/95 lb., was 
required to maintain this condition of 
balance. 

In Burmah the producing sand lies 
between strata of shale, all the way from 
the original hand dug wells of 300 ft. to 
over 5000 ft. in depth. Below 5000 ft., 
a heavy water stratum is penetrated. With 
pressure drilling equipment and working 
against a stuffing box pressure of 800/1100 
lb., a well was carried to over 7000 ft. 
the deepest well in the far East. 
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From the foregoing examples of pressure 
drilling, extending over the past 13 years 
in widely separated portions of the oil 
world, it is evident that this method is 
something more than merely a recent 
development. In these cases, pressure 
drilling was only resorted to after every 
attempt to complete a well by other 
methods had failed. In many instances, 
complete success was not attained, but 
this was due rather to lack of adequate 
and proper equipment than to the prin- 
ciple employed. Complete success does 
not mean the ultimate completion of a 
well, but the ability to complete a well at 
reasonable cost; in a reasonable time; 
with the greatest safety. 

Until recently, a problem arising in any 
one field had been handled by the per- 
sonnel of that field as something entirely 
new to be worked out by them from the 
beginning. Advantage has not been taken 
of the experience gained in attacking 
similar problems in other fields, for the 
reason that the limited personnel experi- 
enced in such work have very often been 
unavailable. 

Much of the pressure drilling equipment 
was designed on the spot to accomplish a 
particular purpose in some one field and, 
until recently, some necessary pieces have 
been completely lacking to handle certain 
phases of the work. Owing to the re- 
stricted market, engineering development 
has not kept pace with requirements as it 
has with other classes of drilling equip- 
ment. 

At the present moment the picture is 
rapidly changing. Where in the past, 
pressure drilling was considered as a last 
resort, a method that had to be used only 
after every other method failed, it has 
now taken a definite place in drilling pro- 
cedure, and indications for the future 
point to a continued and wider applica- 
tion, as the search for oil extends deeper 
and into more difficult formations. New 
equipment has been designed to take care 
of ali phases of pressure drilling and im- 
proved to the point of efficient competi- 
tion with conventional rotary methods. 

Pressure drilling is the method now 
being used in Oklahoma by which deeper 
producing sands are being drilled—with 
oil as a circulating fluid without mudding 
off existing production. In some of the 
California fields where the original high 
gas pressure is rapidly falling, pressure 
drilling with a light drilling fluid is being 
tried in place of weighted mud which is 
sealing off production at the lower 
pressures. 

In tight lime production in West Texas 
and New Mexico, where low pressure 
wells have been sealed off by drilling mud, 
pressure drilling methods have made suc- 
cessful completions by using oil as a cir- 


culating medium. In many instances, 
the hydrostatic head of even a column of 
light oil is greater than the bottom hole 
pressure of the well, and, to secure a 
balance between well pressures and forma- 
tion pressures, the drilling fluid has been 
further lightened by aerating it with high 
pressure gas. Under these conditions, 
increases in production are immediately 
noted as the well is being drilled, and any 
water encountered becomes evident at 
once. The oil and gas used in drilling are 
metered into the closed pressure circuit 
and the returns are taken through a 
separator where the production is again 
gauged. 

A wide field for pressure drilling exists 
where liners are set in a producing sand. 
With conventional rotary methods, a 
string of pipe is set and cemented above a 
producing horizon, hole is made in the 
producing zone and a liner set. It then 
becomes necessary to wash the drilling 
mud from behind the liner in order to 
secure production. A mud-cake on the 
walls of the hole, sufficiently strong in the 
first place to maintain that hole, has been 
further reinforced when the liner was set. 
The best that can be hoped for in at- 
tempting to clean away this mud-cake by 
washing through a screen is that a small 
percentage of the mudded area will be 
sufficiently cleaned to permit production 
finding its way into the hole. 

With pressure drilling methods, after 
a string of pipe is cemented above pro- 
duction and still using heavy mud, a small 
diameter hole is cored through the pro- 
ducing sands to determine their character, 
thickness and depth. From the informa- 
tion obtained, a liner of screen pipe is 
made up and hung in the well below the 
stuffing box and blow-out preventer. The 
well is then put under pressure and the 
drilling mud replaced with oil as the walls 
of the hole are reamed to a diameter to 
take the liner. Pressure maintains a 
balance, although heavy mud has been 
replaced with light oil. The reamer is 
pulled, and with the well still under pres- 
sure, the liner is run to bottom on the 
drill pipe and set in a hole uncontaminated 
by any sealing drilling fluid. The well is 
ready for a production test with no further 
washing. 

The time is coming when all wild cat 
wells will be equipped for pressure drilling. 
This does not imply that they will neces- 
sarily be drilled under pressure, but the 
well head will carry a stuffing box and 
means will be provided for rotating or 
running and pulling the drill pipe through 
it, so that at all times drilling operations 
can be carried on, safe from the possi- 
bility of a blow out. 

In spite of all the work done to date in 
heaving shale, complete success as de- 





fined in this article has never been at- 
tained. It is admitted that shales of a 
bentonitic character swell when brought 
into contact with free water. Shales 
lying at a steep angle from the horizontal 
undoubtedly cave more readily than those 
lying flat. The most success to date in 
drilling the so called heaving shale has 
been with a collapsible bit on a string of 
casing, carried under continual circulation. 
But the nearest approach to a strictly 
heaving shale may be the one carrying 
gas. 

Opening a hole in the formation by 
conventional rotary methods naturally 
creates a pressure differential and the 
expanding gas heaves the shale into the 
hole before it. With pressure drilling, a 
mechanical pressure is imposed on the 
column of weighted mud in the hole and 
its hydrostatic head increased until there 
is no pressure differential. If the col- 
lapsible bit is the solution in drilling 
bentonite and shales at an angle, and 
pressure drilling the solution with gas 
pressure in the formation, the combina- 
tion of collapsible bit and pressure drilling 
may be the solution of the heaving shale 
problem. 

Certain special equipment is required to 
maintain the closed pressure circuit re- 
quired for pressure drilling: A stuffing box 
to seal the annular space between the 
casing and drill pipe; A back-pressure 
valve to prevent the well flowing through 
the drill pipe; Drill pipe that can be pulled 
through the stuffing box under pressure; 
A flow bean manifold through which the 
drilling fluid and bit cuttings are taken 
from well pressure to the slush pit; A 
round drill stem and drive bushing to 
rotate the drill pipe as it is fed through the 
stuffing box; Snubbing equipment to pull 
the drill pipe into the well, or control its 
withdrawal from the well under pressure; 
A hydraulic feed, to run in conjunction 
with this equipment, in order to permit the 
closest control of weights and feed to 
secure the greatest footage with the least 
number of round trips and as much 
freedom as possible from fishing jobs, 
which are undesirable under any condi- 
tions, and expensive and slow operations 
under pressure drilling. 

Stuffing boxes or packing heads have 
generally been of two types: those in 
which the packing has been compressed 
by screwing down on a gland; and those 
in which the well pressure tightens the 
packing by acting directly against it. The 
screw type stuffing box has the disad- 
vantage of excessive friction in the tight- 
ening mechanism. The threaded head 
must be of large diameter to accommodate 
packing of adequate cross sectional area. 
Tightening this type of stuffing box under 
high drilling pressure requires the use of 
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cat head and tongs;—a dangerous pro- 
cedure with well head fittings under 
pressure. Where packing is compressed 
by well pressure, the pressure tightening 
ratio remains a constant. Greater force 
may be required to seal worn, leaking 
packing; or less force may serve while 
running drill pipe than is required while 
drilling. 

An improvement over the screw type 
stuffing box is the one in which the pack- 
ing is compressed by means of three 
hydraulic jacks mounted on it and a small 
hand pump within reach of the driller. 
With this arrangement, a variable com- 
pressive force, ranging from 0 to 84 tons, 
is imparted to the packing rings. In this 
stuffing box the packing is lubricated by a 
continual stream of water, introduced 
under pressure through a lantern gland 
between the packing rings. 

An improvement on the pressure tight- 
ening type is the one in which well pressure 
is used as a prime mover against a two 
diameter ram. Drilling fluid acting 
against the larger diameter of the ram 
transmits a superior pressure to hydraulic 
fluid retained behind the smaller diameter, 
and thus the stuffing box packing is 
always sealed at a greater pressure than 
that in the well. By varying the ratio 
between the two diameters of the ram, the 
sealing pressure ratio is varied accordingly. 

Stuffing box friction on the drill pipe 
is a factor during snubbing operations. 
The drill pipe reaches the floating stage 
when the pressure per square inch in the 
well equals the weight per square inch of 
the cross section area of the drill pipe. 
Where packing can be tightened inde- 
pendently of the well pressure, this phase 
of snubbing can be shortened accordingly. 

Removal of bit cuttings from a pressure 
well has always proved a problem. Various 
combinations of separators and flow beans 
have been made to accomplish this. 
It was found that existing flow beans, 
although serving the purpose for which 
they were designed—the handling of 
comparatively clean oil—were entirely 
unsuited for handling rotary drilling fluid 
heavily laden with sand and cuttings, and 
passing them from the pressure carried in 
the well to the atmospheric pressure of the 
slush pit. 

The simplest bean is a nipple with a 
fixed orifice. It is subject to rapid en- 
largement through abrasion, or plugging 
with cuttings, and its use on a pressure well 
limits the pump revolutions to the nar- 
rowest range. 

Beans in the form of a needle valve, 
while adjustable, also cut out along their 
length and permit nothing but the finest 
cuttings to pass through. For example: 
with a 134 in. orifice in which the plunger 
is raised 1/16 in. off its seat, no cuttings of 
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a diameter greater than 1/16 in. can pass 
although an annulus with an area larger 
than a & in. hole is open to flow. 

In pressure drilling, means must be 
provided to maintain a uniform back 
pressure on the well and at the same time 
recover the cuttings. If the cuttings are 
coarse, an opening through the bean 
sufficiently large to accommodate them 
must be provided, and the pumps run at a 
speed to furnish the required volume to 
maintain the pressure. When cuttings 
being recovered are fine, a slower pump 
speed will maintain that pressure. 

In Canada, the returns were taken 
through a separator before being beaned 
to the slush pit. It was feasible in this 
case, as the footage made was small and 
the limestone cuttings, made with a 
hydraulic feed, were very fine. The 
separator was cleaned out after each run. 

In India, where as much as 2300 lb. were 
carried on the closed circuit, separators 
to withstand this high pressure were not 
feasible and traps were constructed to 
remove the coarser cuttings before the 
drilling fluid was passed through the beans. 
They were made from vertical lengths of 
854 in. casing in which were suspended 
perforated lengths of 3 in. pipe. The 
returns entered the 8% in. casing and 
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passed to the bean manifold through the 
perforated 3 in. pipe. The coarse frag- 
ments of formation were retained in the 
annulus formed and were cleared period- 
ically by back-flushing the traps. 

Any abrasive fluid passing through a 
restricted orifice at high velocity produces 
a cutting action and fine cuttings are 
actually more abrasive than coarse. With 
these facts in mind, a bean has been 
designed which confines this cutting 
action to those portions where it will do 
the least damage. The returns are taken 
through a port of special design, shaped to 
permit the greatest diameter cuttings to 
pass through for the area opened. As this 
port gradually cuts out, its area is main- 
tained by screwing a valve piston further 
into its sleeve. Should cuttings or caved 
formation plug the bean, they can be 
cleared quickly by screwing out the valve 
piston until the variable port it covers 
exposes an area greater than that of the 
pipe on which it is screwed. When 
closed, this bean is sealed against pressure, 
although the port has been partly cut out 
by erosion, and as all operating mechanism 
is on the low pressure side of the bean, 
there is no packing to cause trouble. 

With a stuffing box carried on the well 
head directly below the rotary table, it has 
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always been a problem to turn the drill 
pipe as it is being fed through the stuffing 
box. Stuffing boxes to take square kelly, 
round drill pipe and tool joints have not 
been successful under high pressure and 
to drive a round kelly efficiently has been 
a problem. The simplest drive is a set of 
clamps on the drill stem, driven by two 
dolly bars in the rotary table; but only 
two or three feet of hole can be made 
before it becomes necessary to hitch over 
the clamps. A short length of hollow 
square kelly has been used as a drive. 
This clamps to the drill pipe over which it 
is slipped, and is turned by the rotary 
table. Here again the stroke is very 
short if the stuffing box is to be carried 
close to the rotary table. A drive for 
flush joint pipe has been made from a 
35 ft. length of 85 in. casing with a 
bushing to fit the square of the rotary 
table welded on the bottom, and a bushing 
to take a square kelly welded in the top. 
A square kelly driven by this bushing 
remains in the 8% in. casing being 
driven by the rotary table, as the flush 
joint drill pipe screwed to it is being fed 
into the well through the stuffing box. 
Very bad torque conditions exist when the 
kelly is driven at a point 35 ft. above the 
rotary table, and the whole arrangement 
is unwieldy to place in a rathole while 
making connections. 

A new flush joint round kelly drive has 
been placed on the market that employs 
the “free wheeling’ overriding clutch 
principle. This drive bushing fits the 
square of the rotary table in place of the 
regular square ‘‘kelly’” drive bushing. 
The drilling torque is transmitted directly 
from the rotary table to the drill pipe 
through a series of ten cam segments 
having over 100 square inches of serrated 
driving area in contact with the drill pipe. 
This large driving area permits the pipe 
being turned without marking it suff- 
ciently to interfere with the stuffing box 
seal. 

When small diameter drill pipe is being 
used at depth and the bit is stopped by 
some obstruction at the bottom of the 
hole, considerable twist is imparted to the 
pipe before the rotary table is stopped. 
Where a regular kelly is being used and 
the clutch thrown out, the backtwist in 
the pipe spins the table in the reverse 
direction. The inertia of the heavy 
rotating parts acting as a fly-wheel carries 
the drill pipe past the point of twist and 
may very easily result in unscrewing it. 
The drive bushing using the overriding 
clutch principle does not grip the drill 
pipe in the reverse direction of rotation 
but is freed from it as soon as any back- 
twist has been eliminated. 

Square drill stems have reached the 
limit of length to which they can be made 
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and transported and they cannot be made 
sectional, owing to the difficulty of making 
a tight joint between sections and at the 
same time have the two squares coincide. 
A flush joint round kelly can be screwed to 
a tight joint and used with this drive 
bushing; a stand at a time could be drilled 
with a jointed kelly long enough to permit 
it. 

In running or pulling drill pipe against 
pressure, three phases must be considered: 
The light phase, when the drill pipe is 
lighter than the well pressure and there- 
fore must be snubbed; the floating phase, 
when the drill pipe is in the transition 
stage, its weight equal to the well pres- 
sure; and the heavy phase, when the drill 
pipe, per square inch of cross section area, 
is heavier than the well pressure per 
square inch. Each phase is further di- 
vided into two operations: moving, when 
the drill pipe is being snubbed or run on the 
elevators; and stationary, when the drill! 
pipe is being held either with a snubbing 
head or the pipe slips, while the snubbing 
bar or elevators are returned. 

The snubbing cycle is considerably 
more complicated than it would appear 
from a casual consideration. With the 
drill pipe run and pulled, either with or 
without a hydraulic feed, four variations 
of three phases divided into two opera- 
tions compose the snubbing cycle; and 
twenty-four possible operations must be 
considered, and their safe execution pro- 
vided for, should a sudden change of well 
pressure occur at any time. 

The simplest arrangement for snubbing 
is a cable attached to the two ends of the 
snubbing bar, passed under two sheaves 
fixed at the rotary table and the loop over 
the hook on the traveling blocks. The 
snubbing is done with the draw works. 
Hoisting pulls the pipe into the well 
against pressure, or the well pressure 
forces the pipe out of the hole to be 
braked with the drum. Two objects 
cannot occupy the same space at the same 
time, yet traveling blocks are hung on the 
center line of the derrick and the drill 
pipe is run in the center of the well, and 
they must pass each other if more than a 
single is to be snubbed from the hole. 
With the traveling blocks used for snub- 
bing, the elevators are not available for 
racking pipe or placing stands to be run, 
and the cat line has to be used to return 
the snubbing bar to the top of its stroke. 

An improvement over the draw works 
is a hydraulic snubbing mechanism in 
which the snubbing bar is attached to 
two piston rods which operate in two 
cylinders standing in the cellar, one on 
each side of the rotary table. For a 15 
ft. stroke the cellar has to be 15 ft. deep 
or two ratholes have to be dug for the 
snubbing cylinders. They must be an- 


chored to take the snubbing load and a 
large pump capacity is required to obtain 
speed in snubbing with the same pump 
capacity required to return the empty 
snubbing bar for a new stroke. 

A later development in the hydraulic 
snubbing mechanism is a single hydraulic 
cylinder, standing against the side of the 
derrick. The cylinder contains a single 
acting ram, carrying a crosshead mount- 
ing two sheaves at its upper end, and a 
piston rod and single sheave on its lower 
end. Two arms extend from the snub- 
bing mechanism to the rotary table, each 
of which has a sheave mounted at its 
outer end. A 1 in. soft lay snubbing 
cable attached to each end of the snubbing 
bar passes under the sheaves at the rotary 
table and over the crosshead on the ram. 
The snubbing ram in its 15 ft. vertical 
travel pulls a 15 ft. loop in the snubbing 
cables, giving the snubbing bar a down- 
stroke of 30 ft. When water is bled from 
the cylinder, the ram drops by gravity, 
pulling a 15 ft. loop in a 1% in. soft lay 
cable passed under the single sheave on 
the piston rod below the ram, thence over 
the derrick to a bridle on the snubbing 
bar. This movement returns the snub- 
bing bar to the top of its stroke. 

All forces in this snubbing mechanism 
are under compression; therefore it re- 
quires no special anchorage, and being a 
self contained unit, traveling blocks, ele- 
vators and draw works are left free for their 
own use. 

While snubbing 5 in. drill pipe against 
1,000 lb. well pressure, the 11% in. snub- 
bing cables have a safety factor of 91% to 
1, and a pressure of 534 lb. will be required 
on the ram. 

There has been a great deal of confusion 
in associating hydraulic feed with pressure 
drilling. Pressure drilling is a method of 
rotary drilling by which the drilling fluid 
is maintained in a closed pressure circuit. 
A hydraulic, on the other hand, is a piece 
of machinery that is entirely independent 
of the well, and while it has the greatest 
advantage in drilling a pressure well, can 
be used in drilling any rotary well. 

In the previous development of hy- 
draulic rotary tables, there were certain 
limitations that prevented the hydraulic 
method of drilling from coming into gen- 
eral use: (1) Foundations were too elabo- 
rate and expensive to install; (2) The 
stroke of the hydraulic was too short to 
permit economical drilling in the softer 
formations; (3) A hydraulic table was 
more complicated than an ordinary rotary 
table; (4) Hydraulic tables occupied too 
much usable space under the derrick 
floor; (5) Drilling torque reacted on the 
hydraulic rams; (6) The installation of 
hydraulic tables required the scrapping of 
expensive rotary equipment, and often 
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structural changes in the derrick base. 

Any hydraulic, to be used from top to 
bottom on an ordinary rotary hole, should 
have:—the simplest foundations, the long- 
est stroke practicable, should take up no 
usable space under the derrick floor, use 
all existing rotary equipment, break down 
into units easy to transport and the drill- 
ing torque go directly from the rotary 
table to the drill pipe, leaving the hy- 
draulic rams free to carry the weight of 
the drill pipe only. 

A hydraulic feed has been placed on the 
market, which stands on the cellar floor on 
foundations isolated from the derrick 
structure. It has a stroke of 10 ft. and 
operates in conjunction with regular ro- 
tary equipment, therefore blow-out pre- 
venters, stuffing boxes and well head 
connections occupy the same position in 
relation to the rotary table. There is no 
torque on this hydraulic and the rams 
carry the same drag load that is now 
carried on the swivel and blocks. No 
unit to be moved weighs over 21% tons, 
although the complete assembly weighing 
18 tons has a lifting capacity of 200 tons 
at 1,000 lb. pressure. 

If a hydraulic had no other use than the 
control of weights and feed, it would still 
occupy an important place in successful 
pressure drilling. The present method of 
weight control consists of carrying a pre- 
determined number of points on the 
weight indicator during the life of the bit. 
The actual weight on the bit may vary as 
much as 10 percent or 20 percent accord- 
ing to the accuracy of the indicator and 
the condition of lines, sheaves, blocks, 
temperature, etc., to which add 10 percent 
to 30 percent, depending on the skill and 
attention paid by the driller while feeding 
the bit. 

Assuming that it were possible to carry 
the correct predetermined weight at all 
times with the hand feed, the following 
conditions would still be present at the 
bit; to illustrate—assume the cutting 
edge of a bit to be 10 in. long and dressed 
to a sharpness of 1/1 in. (let this apply to 
any type of drag or roller bit). When 
pulled, the cutting edge has been worn 
until it is 1 in. thick. Assume further 
that 8,000 lb. is the weight to be carried. 
When the bit is first run it carries a load 
of 8,000 lb. per square inch of cutting 
area in contact with the formation. 
When pulled, the load has been reduced 
to 800 lb. per square inch on the 10 sq. 
in. then in contact with the formation. 
Obviously 8,000 lb. was too much or 800 
lb. is too little,—one weight being ten 
times the other. 

With 8,000 lb. on a new bit the penetra- 
tion of the formation is probably greater 
than required for efficient cutting, and the 
bit is balled up or dulled out of proportion 
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to the work it accomplishes. Likewise, 
the broad bearing of the 10 sq. in. in 
contact with the formation is better able 
to support a weight of 8,000 lb. per square 
inch. To permit working with a con- 
trolled weight at the bit, rather than with 
a constant weight at the surface, two 
accurate instruments augment the hy- 
draulic feed: the hydraulic pressure gauge, 
indicating weight changes as small as 500 
lb.; and the hydraulic rate-of-feed in- 
dicator, an instrument which shows a 
change of cutting rate as small as 114 in. 
per hour. 

A fast drilling rate with the lightest 
weight on the bit should produce fine 
uniform cuttings, more easily cleared by 
the pumps, a straighter hole with cleaner 
walls and the life of the bit retained at a 
high ratio to the work accomplished. 
Taking the foregoing illustration,—if the 
new bit is given a weight of 1,000 lb. per 
square inch (or 1,000 lb. total weight), the 
rate-of-feed indicator shows the cutting 
rate immediately. Increased weight may 
or may not increase the cutting rate, but 
the operator has a constant check avail- 
able. As the bit becomes dulled and the 
area in contact with the formation in- 
creases, more total weight will be required 
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to maintain the cutting rate, until a 
weight differential of 10,000 lb. will be 
shown on the pressure gauge if 1,000 lb. 
per square inch is maintained on the 
cutting area. 

Before any predetermined weight can 
be carried on a bit, it is obvious that the 
total weight of the drilling string must be 
known accurately, because the weight 
carried on the bit is a portion of the total 
weight of the drilling string. 1,000 lb. 
weight is about 14 percent of an 8,000 ft. 
string of 414 in. drill pipe. With the drill 
pipe in the hole—but with the bit off 
bottom—the pumps running and the table 
turning at drilling speed, the drilling 
string can be weighed accurately under 
all conditions applying in that particular 
case. A hydraulic is a scale, and just as 
accurate as any mechanism operated by 
a spring or beam. With the pressure 
gauge calibrated to read in thousands of 
pounds load on the hydraulic (instead of 
pounds per square inch) a direct reading 
is obtained. 

To maintain a given weight on the bit, 
the bit must be advanced at exactly the 
same rate of speed at which it is cutting. 
Thus, a bit rotating at 100 R.P.M. and 
cutting one foot per minute, should theo- 
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retically be advanced '/jo0 ft. per revolu- 
tion. It is obviously impossible to raise 
and lower the brake 100 times in the 
minute to accomplish this, but it is quite 
feasible, with a hydraulic feed, to set the 
bleeding valve on the manifold to main- 
tain this rate of feed. At the same time 
the driller has a continual check on the 
advancement of the bit, merely by watch- 
ing the pressure gauge hand remain in a 
fixed position. 

If the formation remains constant, the 
rate of feed maintaining a given weight on 
the bit must also remain constant; thus 
the driller using a hydraulic is notified 
immediately of a change in formation. 
If the change is to a harder formation, 
this fixed rate of feed becomes too fast — 


as the advance of the bit has been slowed 
down—and his pressure gauge immedi- 
ately notified him by dropping. On the 
other hand, if the formation becomes 
softer, his rate of feed becomes too slow 
for the increased rate of drilling, and he 
will find himself with too much weight on 
the hydraulic. 

These changes in formation are ignored 
by an automatic feed, its function being to 
maintain a given weight on the bit, re- 
gardless of the formation being drilled. 
The exact depth of a change in formation 
is always geologically important, and 
very often equally important to the driller 
endeavoring to drill a straight hole, espe- 
cially where the strata is lying at a steep 
angle. 





It is evident that drilling is much more 
than an automatic operation and a hy- 
draulic feed, rather than relieving the 
driller of his responsibility, becomes a 
source of accurate information and con- 
trol, which will increase his skill. 

Only the questions of weight and feed 
control have been touched on in this 
article. It is obvious that by using them, 
bearing wear and flat cutters will be re- 
duced in roller type bits and increased 
footage will be made with alltypes. Core 
recovery will be increased and drill pipe 
and tool joint will have a longer life, 
owing to less round trips and easier use 
while drilling. Straighter hole and a more 
accurate log of formation changes will be 
the result. 


Great Britain—A Possible Oil Producer? 


Portsdown No. 


1 of the D’Arcy 


Exploration 


Company Spudded in March 30 with Ceremony— 


Speeches by Sir John Cadman and Captain 


Crookshank, Secretary for Mines. 


ODerictat inauguration of the No. 1 
test well being drilled at Portsdown Hill 
some miles inland from Portsmouth in 
England took place on March 30th. The 
well which is the first to be drilled under 
the provisions of the Petroleum (Produc- 
tion) Act of 1934 is known as Portsdown 
No. 1 and is being drilled by the D’Arcy 
Exploration Company, Ltd., a subsidiary 
of the Anglo-Iranian Oil Company Ltd. 

The ceremony was attended by a large 
number of distinguished guests, among 
whom were Lord Cowdray, whose grand- 
father drilled the first well in Great Brit- 
ain for the Government between 1918 and 
1922, Sir Edwin Pascoe, Director, Geo- 
logical Survey of India, W. L. Mackenzie, 
managing director, Oil Well Engineering 
Company, Major H. G. Davis, Gulf Oil 
Corporation and many others. Sir John 
Cadman delivered a speech followed by an 
address by Captain Crookshank, Secretary 
for Mines. Mrs. Crookshank, mother of 
the Secretary, set in motion the rotary 
machinery. 

The rig consists of a 136 ft. derrick of 
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400 ton capacity, a 200 ton capacity trav- 
elling block, three steam driven mud 
pumps capable of delivering 1500 lb. per 
square inch pressure and a power unit of 
four steam boilers with a capacity of 14,- 
000 lb. per hour at 250 lb. per square inch 
pressure. 

The location forms part of Government 
license No. 4 granted to D’Arcy Explora- 
tion along with 39 other licenses for drill- 
ing covering 6,946 square miles in Great 
Britain under the Petroleum (Production) 
Act. 


Rough map of the location of Great Britain’s 
No. 1 testwell showing the probable strata 
that will have to be penetrated. 
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‘*We are met to-day’’, said Sir John 
Cadman, chairman, Anglo Iranian, ‘‘to 
launch an enterprise which we hope will 
eventually be of great national importance 
and value. This is the first attempt to 
discover oil in Great Britain since the 
passing of the Petroleum Act of 1934. 
An earlier effort, which was given war- 
time facilities, was skilfully conducted by 
the late Lord Cowdray and his staff some 
15 or 16 years ago. I am delighted to 
welcome his grandson, the present Lord 
Cowdray, here today. Had his lordship’s 
grandfather been alive today, he would 
have been in the forefront of this venture. 
Unfortunately, no significant discovery 
was made in the areas then selected for 
test. 

‘*‘The D’Arcy Exploration Company— 
a subsidiary of the Anglo-Iranian Oil 
Company, which is the producer of 
‘B.P.’ petrol—has been assisted in 
planning its present effort by the recent 
advances in geological methods and drill- 
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ing technique. We owe much to the skil- 
ful and far-sighted manner in which the 
Petroleum Act of 1934 and the Regula- 
tions of 1935 were conceived and drafted, 
and I pay grateful tribute to the late and 
present Ministers, Mr. Ernest Brown and 
Capt. Crookshank, and to the responsible 
permanent officials, Sir Alfred Faulkner 
and Mr. Starling. 

‘* As practical men we are setting out to 
puncture the skin of the earth to a depth 
of a mile or more, hoping to discover a 
stratum of rocks impregnated with that 
precious fluid which is responsible for so 
much activity in air,on land andsea. As 
adventurers, we are embarking on a voy- 
age into the dim realms of the geologic 
past; and while our spatial progress will be 
prosaically logged in feet per day, in that 
other time-dimension we shall be regress- 
ing millions of years, like Mr. Wells’s time 
machine, through wons of the Chalk 
Ocean, upon whose solidified slime we are 
now standing, of the Greensand Sea, and 
the Wealden Lake. 

“‘In choosing this particular site we 
have, however, not been guided by any 
romantic conception of the venture. but 
by a volume of geological evidence. 
Many miles away to the east and west of 
where we stand there are outcrops of cer- 
tain rocks of Wealden and of pre-Wealden 
age, which it is fair to assume lie here 
deeply buried below the chalk. These 
outcrops are in certain places heavily im- 
pregnated with petroleum. It is our hope 
that the drill will find these rocks porous 
and suitably folded to form a reservoir in 
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Scenes at the opening ceremony for Ports- 
down No. 1: in the center may be seen Sir 
John Cadman near the drilling controls 
while at the right may be seen the all-im- 
portant gauges to guide the driller; on the 
left appears a core barrel which will serve 
an equally important function in guiding 
the geologists. 


which petroleum has become trapped in 
commercial quantities. We all appreci- 
ate the fact that the possibilities here con- 
tain a large element of speculation, but 
oilfields have been discovered elsewhere on 
no better evidence, and consequently we 
feel that the effort is well worth the mak- 
ing. 

‘‘I do not propose to embark on any 
explanation of the technical processes in- 
volved in drilling to such great depths as 
we have in mind; our guests are free to 
make their own inquiries, and I hope they 
have already done so. The outfit they 
see before them embodies the most mod- 
ern ideas and methods, and is of British 
manufacture. Its rotating bit can pene- 
trate, if necessary, to a depth of nearly 
three miles—as great a depth as the drill 
has ever reached. 

‘‘Should we be successful in our aim, 
we shall not be unmindful, either here or 
elsewhere, of doing our utmost to preserve 
as far as possible the amenities of the 
countryside of which we are all so proud. 

‘*We are honoured today by the pres- 
ence of Capt. Crookshank, the Secretary 
for Mines, who kindly consented to set in 
motion the drilling plant, thereby, we all 
hope, inaugurating a new industry in this 





country. But as I find his mother has 
had associations with Titusville, in the 
United States, where Col. Drake drilled 
his first oil well, I will ask Capt. Crook- 
shank’s mother to perform the task he had 
been going to do.”’ 

Captain Crookshank, Secretary for 
Mines, expressed the satisfaction of the 
government at finding that the Petroleum 
Act was considered a sound and reason- 
able legislation by the oil industry in 
Great Britain and elsewhere. He re- 
viewed the possibilities for employment 
created by the present operations and by 
more extensive future drilling to be carried 
on in Great Britain and said that other 
applications already received for drilling 
permits would be granted as promptly as 
possible after the provisions of the Act had 
been complied with. Captain Crookshank 
also pointed out how difficult it would be 
for concerns that were not responsible 
financially and in other ways to obtain a 
license to drill in Great Britain. 

Portsdown Hill is an anticline of 
Cretaceous age. The Upper Greensand 
and Gault and the Lower Greensand, 
Atherfield and Wealden are underlain by 
formations of Jurassic age. Palaeozoic 
formations are expected to be encountered 
between 6,000 and 7,000 ft. It is ex- 
pected that drilling will occupy some time 
as frequent cores will be taken to establish 
as much information regarding sub sur- 
face formations as possible, present geol- 
ogy being based largely on theory in re- 
gard to the formations in that part of 
England. 











Cementing at 3.800 ft. and 6.600 ft. 


in An Hour 


One of the Most Interesting Recent Cementing 


Jobs Shows Highly Efficient Operation Possible 


Under 


Exceptionally 


Adverse Circumstances. 


Careful Preliminary Study Essential. 


Was WORLD PETROLEUM asked for 
a description of the most interesting oil 
well cementing job ever done, to my 
knowledge, it was immediately realized 
that the selection of any particular job out 
of the many thousands that have been 
done would involve considerable personal 
opinion. This would be offset to some ex- 
tent by a description of the facts about the 
job so the reader may judge for himself. 

While a number of exceptionally inter- 
esting oil well cementing jobs have been 
done, yet, considering all factors, there ap- 
pears to be a little more activity crowded 
into the time involved and a few more dif- 
ficult factors packed into the job done for 
the Texas Seaboard Oil Company and the 
Tidewater Oil Company in their joint 


By C. P. Parsons 


Vice President, Halliburton 
Oil Well Cementing Co. 


operation at their Wills A-21 well at 
Cayuga, Texas, on July 29th, 1935. 

This is the line up of conditions in the 
well at the time the cementing job was 
contemplated: 


1. Approximately 8,800 ft. of 7 in. O.D. 
30 lb. Grade D, long collared, casing was 
to be run. 

2. The open hole was 834 inches in diam- 

eter. 

. 4,100 ft. of open hole. 

. 9 inches O.D. Casing had been set at 

4,700 ft. 

5. A high pressure gas sand was located in 
upper portion of open hole. 

6. Heavy circulating fluid was required to 
hold down the high pressure gas. 


em CO 


Three three-pump steam cementing outfits 
in use on Willis A-21 Cayuga, Texas. 





7. There was a thirsty formation in the 
open hole which took ordinary mud 
and might take cement slurry. 

8. A thick circulating mud was used to pre- 
vent loss into the thirsty formation. 

9. Hightemperature. The temperature of 
the circulating mud at the overflow 
while drilling was 142 deg. F., which is 
the highest temperature known to be 
taken at an overflow prior to a cement- 
ing job and therefore indicated that the 
temperature conditions in the well were 
the highest ever to be encountered in a 
cementing job. 

10. The combination of a thick, heavy 
drilling fluid caused a circulating pres- 
sure of 1,200 pounds while drilling. 


It was very desirable to place a body of 
cement in such manner as to protect the 
high pressure gas sand in the upper part of 
the open hole. It was also felt that due to 
the high temperature, high circulating 
pressure, tight hole, etc., that it would be 
very difficult to place a sufficient amount 
of cement behind the casing in a single 
stage job to cover properly the high pres- 
sure gas sand. It was therefore decided 
to use multiple stage cementing, placing 
the second stage of cement to protect the 
upper sand and placing the first stage of 
cement around the shoe to protect any 
productive sand which may be located at 
the bottom of the well. 

The circulating mud was conditioned by 
chemical treatment before the drill pipe 
was pulled on the last trip before running 
casing. (It is very important before run- 
ning casing in very deep wells to condition 
circulating fluid so that its gel strength 
and viscosity will be as low as possible to 
facilitate establishing circulation after the 
casing isrun. Failures to establish circu- 
lation in several very deep wells after 
running casing below 9,000 feet have 
proven this necessity.) 

The casing was 7 in. O.D. 30 lb. Grade 
D with long threads. It was equipped 
with one Howco guide shoe, two Howco 
float collars and one Howco multiple stage 
device. The float collars were installed 
on the first and second joints, and the 
multiple stage device at 6,648 ft. Circu- 
lation was established and maintained for 
thirty minutes before starting the cement- 
ing operation. 

Detailed preparations for the cementing 
job had been carefully made in advance. 
The surface hook-up is shown in the ac- 
companying illustrations. Three of the 
latest type three-pump steam cementing 
outfits were used, two of them for mixing 
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cement and the third for handling mud 
fluid and as a stand-by unit. 

Seven hundred sacks of cement were 
used, 350 sacks being in the first stage and 
350 in the second stage. As a result of 
this careful preparation only one hour and 
three minutes elapsed for the whole job 
from the time the first sack of cement was 
mixed until both stages of cement were 
landed in their respective places behind 
the casing. 

A very interesting point is that the 
pump pressure never went over 1,000 lb. 
during the cementing operation, whereas 
the circulating pressure while drilling was 
1,200 lb. Low pump pressure is one of 
the outstanding features of multiple stage 
cementing. A recording pressure gauge 
was used during the cementing operation 
and the chart shows that when starting to 
pump the first stage of cement in the cas- 
ing there was a pump pressure of 1,000 lb. 
per square inch which gradually decreased 
to 250 lb. while pumping the first stage of 
cement into the casing. The pump pres- 
sure dropped to 100 lb. per square inch 
while pumping fluid between the two 
stages. The pump pressure increased to 
500 lb. when the second stage of cement 
was started in the casing and decreased to 
almost zero pressure when fluid was 
pumped into the casing after the second 
stage. When the first stage started going 
around the shoe the pressure gradually 
built up to 850 lb., at which time the mul- 
tiple stage device opened and the pressure 
dropped back to 250 lb. The pressure 
then gradually increased while placing the 
second stage behind the casing and reached 
850 lb. when the second stage was all in 
place. 


Cementing Willis A-21 at 6,600 ft. and at 
8,800 ft. in one hour and three minutes. 
Picture taken during cementing operations. 
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Two steam cementing pumps are being used 
for mixing cement and the third for han- 
dling mud fluid and as a standby unit. 


After the cement was allowed to set, the 
cement plugs, float valves in the float col- 
lars, and guide were drilled out with 
21% in. upset tubing on the bottom of 
which was a 5% in. rock bit. 

The well was then drilled to below 9,000 
ft. without finding any production in com- 
mercial quantities below the 7 in. casing. 
It was then plugged back inside the casing 
to a point below the high pressure gas sand 
which was protected by the second stage 
of cement. The casing was perforated at 
the gas sand and the well was completed 
as a very large gas well, making consider- 
able distillate. It is still producing. 

Considering the physical factors in- 
volved, namely, high temperature, depth, 
high pressure gas, ‘‘thirsty’’ formations, 
long string of casing, tight hole behind the 
casing, thick and heavy mud; considering 
the fact that two cementing jobs were 
done in one continuous operation, one at 
8,800 ft. and cne at 6,600 ft. in a total 
elapsed time of only one hour and three 
minutes from the mixing of the first sack 
of cement until both jobs were completed, 
without any difficulty due to the physical 
factors encountered, this job is the most 
interesting to me. Considerable credit is 
due the officials and field men of the Texas 
Seaboard and Tidewater organizations for 
their study of every possible detail in their 
preparation for the job. Representing 
the Texas Seaboard in considering the 
preparations for the job were John Love- 


joy, President; R. S. McFarland, Vice 
President; and Melbert Schwarz, Chief 
Petroleum Engineer; representing the 
Tidewater were R. B. Pringle, Vice Presi- 
dent; Jack Ross, General Superintendent; 
Dal Legan, Division Superintendent; Ted 
Hall, Chief Petroleum Engineer; Tom 
Wade, District Superintendent; and 
George Nye, District Engineer. 


British Oil Imports Rise in 
First Quarter 


For the first quarter of 1936 British 
oil imports showed an increase of 5.6 per- 
cent over the corresponding period of 
1935. March, moreover, revealed a good 
recovery against the preceding months 
and March, 1935. Therisein total quan- 
tity of crude imported was again due to 
shipments from Iraq. 


British Oil Imports by Products 


(Bbl.) 

3 months 3 months 
March to Mar. 31 to Mar. 31 

1936 1936 1935 
Lamp Oil , 566,655 1,563,196 1,612,139 
Motor Spirit 3,622,202 8,963,998 7,939,857 
Lubricating Oil 265,860 828,059 552,801 
Gas Oil , 346,313 824,141 966,233 
Fuel Oil 1,194,112 3,827,291 4,012,885 
Other Sorts 57.658 96,743 162,999 





Total Products 6,052,800 16,103,428 15,246,914 
Crude 959,114 3,293,286 3,120,943 





Total Imports. 7,011,914 19,396,714 18,367 857 
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Mud Treatment for Heaving Shales 


Mud Composed of Elements That Take Into 


Consideration the Bentonitic Character of the 


Shale, Prove Most Helpful in Gulf Coast Drilling. 


One of the foremost drilling hazards 
encountered in oil and gas well drilling of 
today is that of heaving shales. These 
shales have cost operators millions of 
dollars in the attempt to penetrate suc- 
cessfully the strata in order to obtain 
production underneath. Heaving shales 
contain definite characteristics which seg- 
regate them from other shales in the 
geological stratigraphic column. These 
characteristics are both chemical and 
physical. The chemical characteristics 
of all heaving shales are singularly based 
upon the presence of the mineral bento- 
nite which is a hydrous aluminum silicate 
and which tends to absorb water from the 
mud very readily. The bentonite is very 
important in the study of heaving shale 
as it is this mineral which causes the dis- 
astrous effect which eventually results in 
caving and slushing of the heaving shales. 
Of course, besides the bentonite the shale 
may also be classified on the basis of its 
other constituents, such as: arenaceous, 
argillaceous, siliceous, ferruginous, gypsif- 
erous, carbonaceous, bituminous and 
glauconitic. Numerous studies in detail 
have been made on various types of heav- 


By M. T. Halbouty 


Geologist and Petroleum 
Engineer 


ing shales and in each case, regardless of 
the type; that is, whether it may be 
arenaceous, ferruginous, etc., the bentonite 
is forever present, whether in large quanti- 
ties or small quantities. The shales, 
when studied under the microscope, re- 
veal that between each minute layer of 
shale there is a small streak of bentonite in 
a rather pure form. In some cases the 
bentonite is present in streaks from one- 
fourth inch to one-half inch in diameter. 

Figure A illustrates a core taken in 
heaving shale and the white streaks of 
bentonite in this core reach the maximum 
of three-eighths inch. This bentonite ab- 
sorbs water from the mud so readily that 
the bentonite swells and causes a wedging 
effect. The swelling and the absorption 
of water is a creation of osmatic pressure 
which tends to increase, with the swelling, 
until a point is reached where the pressure 
becomes so great in the shale that the 
shale gives way towards the point of least 
resistance, which is the drilled hole. This 
condition ultimately causes the shale to 
heave into the hole and this may lead to 
disastrous effect in the sticking of the pipe 
or the abrupt stoppage of circulation. 














Such an action, when started, is very diffi- 
cult to overcome and in a few hours of 
continuous drilling the shale body is 
swelling and heaving to such a point that 
it is sometimes impossible to carry on with 
further drilling. 

The physical characteristics of heaving 
shales are brittle, compact orsticky. The 
brittle shale is usually referred to in the 
field as ‘‘buckshot shale”? because the 
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tion of heaving 
shales with good 
mud. 
— 
v HEAVING SHALE 
OIL 


shale rolls out of the hole in small pieces 
resembling large buckshot. This shale is 
very difficult to combat. The brittle 
shale breaks down very rapidly when it 
comes in contact with an untreated and 
watery mud, as the absorption of the 
water from the mud penetrates the in- 
terstices of the large pieces of shale and 
loosens the binding effect they naturally 
have. This loosening causes the brittle 
pieces to become dislodged from their 
position and naturally follow the general 
movement of the mud upwards. This 
causes a leaching out of a cavity in the 
shale. Two things can happen when this 
condition is reached: First, there is no wall 
built around this shale, which in turn 
causes the mud to circulate very freely 
and wash out more of the shale, resulting 
in large cavities which in turn leaves the 
more resistant non-heaving shale that lies 
above the washed out shale unsupported. 
Consequently, this unsupported over- 
lying shale will naturally slough to the 
bottom of the hole, sticking the pipe and 
causing other serious damage. In this 
case a non-heaving shale becomes a heav- 
ing shale in effect simply because of its 
lack of support. The second thing that 
can happen when this brittle shale is 
leached out is the sticking of drill pipe. 
The leaching usually becomes so fast that 
the shale is washed up in such quantities 
by the mud that the pumps will not nan- 
dle the load, resulting in the depositing of 
the shale on the drill stem collars, shut- 
ting off circulation, and then sticking the 
drill stem. If the mud is not of such col- 
loidal strength as to hold the shale in sus- 
pension, the pieces settle and drop over 
the drill collars, bit collars and bit, result- 
ing in what drillers designate as a “‘ball- 
ing” of the bit, and “shut off” circula- 


tion, and, in the majority of cases, stuck 
drill pipe. One might conclude that this 
type of shale heaves because of its texture 
and looseness, its attack by free water, 
mud pressure, and the turbulent flow 
causing leaching out of cavities and non- 
support of the overlying shale which really 
does the heaving. In such shales, a mud 
must be had that can build a fast, im- 
pervious wall, contain a high colloidal 
strength and plasticity, a mean viscosity, 
and an average weight. A mud which 
has the characteristics of a fluid while in 
motion and which can be handled easily 
by the pumps, yet one which changes to a 
plastic state by gelling while standing, is 
ideal in combating such conditions. This 
mud while under pressure has a low vis- 
cosity, yet is thin enough to insure rapid 
circulation which washes out any excess 
cuttings or heaving, preventing any ac- 
cumulations in the hole around the bit or 
drill stem. At the same time, when the 
pumps are shut down, it becomes of such 
plastic nature as to prevent the settling of 
any cuttings around the pipe. 

This type of shale contains bentonite in 
small quantities, however, and can not be 
considered as a bentonitic shale. The 
heaving of this type of shale is due simply 
to its brittle texture and the uncondition- 
ing of the mud before penetration. Nev- 
ertheless, this particular shale has caused 
operators more trouble than any other 
type of heaving shale. 

The second type of heaving shale is the 
sticky variety which contains a large 
amount of bentonite. This shale causes 
the bit to become balled and a large 
amount of spudding is necessary. And, 
of course, the presence of bentonite adds 
to the difficulty in causing the shale to 
swell. As this shale becomes swelled and 
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balled on the bit, necessitating a great 
deal of spudding, trouble will soon begin 
because it is this continuous spudding that 
causes the shale to become disturbed, 
breaking down all walls that have been 
built, consequently causing a heaving 
condition. Continuous spudding of a 
hole causes a swabbing action, which in 
turn produces a vacuum pressure below 
the swabbing point, which sucks in the 
already disturbed shale. Sometimes this 
sticky shale gradually grows in the hole 
because of the swelling of the bentonite, 
which eventually causes circulation to be 
stopped or the sticking of the pipe. 

Figure B illustrates this particular 
point in this type of shale. In sub-illus- 
tration Number 1 in Figure B the bit is 
drilling under normal conditions without 
any trouble and in illustration Number 2 
the bit has penetrated into the heaving 
shale body. The mud is probably thick 
and contains a high viscosity and the col- 
loidal content is very low which in turn 
builds a thick and pervious wall. A large 
amount of free water is probably present 
in the fluid, as since the colloidal content 
is low the free water is dominant. As the 
wall is built next to the shale, the high ab- 
sorbent strength of the bentonite in the 
shale absorbs the water from the mud by 
the process of filtration through the pervi- 
ous wall. This water penetrates very 
deeply for several inches into the shale and 
begins to act on the bentonite. As the 
shale is first penetrated, no trouble is en- 
countered as the process of wall building 
and water absorption has to take place 
before the shale can give any appreciable 
amount of trouble. More than likely, as 
much as 50 to 100 ft. of hole may be dug 
before trouble and heaving begins. In 
sub-illustration Number 3, Figure B, the 
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Figure D_ illus- 
trates the effect 
of thick walls 
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pipe is pulled out of the hole which gives 
the shale and bentonite enough time to 
react with the water causing a swelling 
and disturbance of the shale to take place. 
As the hole is the least resistant factor, the 
shale tends to swell and grow outwards to 
form a wedged hole with a greater opening 
at the bottom than at the top. The rea- 
son for the greater action of swelling at the 
top of the hole instead of at the bottom is 
because the upper portion of the heaving 
shale has been subjected to the poor mud 
longer than the lower part, and, conse- 
quently, has absorbed a greater amount 
of free water which, of course, causes a 
greater swelling and disturbance of the 
shale. The shale, however, at this point, 
has not been drilled into appreciably or 
absorbed enough water to heave from top 
to bottom and close the hole entirely, so 
that when the pipe is let into the hole 
again a slight bridge is probably en- 
countered at the top of the shale to which 
no one on the job gives much thought, and 
without any further trouble the bridge is 
broken and the pipe freely seeks the bot- 
tom of the hole. Then, drilling is re- 
sumed and further penetration of the shale 
is attempted. As drilling is advanced 
with this untreated mud, the shale ab- 
sorbs water and becomes sticky and the 
swelling is now deeper into the shale and 
at a greater area, as shown in sub-illustra- 
tion Number 4, Figure B. In Number 5 
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while running 
casing. 


the penetration is continued but here also 
the operator is having considerable trou- 
ble. The shale has probably grown and 
swelled very closely to the pipe which 
slows the pumps down considerably and 
causes further drilling in the shale to be- 
come extremely slow. The bit becomes 
balled a great deal because of lack of suffi- 
cient pump pressure and mud volume, and 
continuous spudding is taking place. 
This continuous spudding and passing of 
collars causes the shale above to compact 
against the pipe which in turn causes a 
swabbing effect below that point and the 
already disturbed shale, seeking new 
fields to swell and fall into, becomes like 
an avalanche of falling wet plaster of paris, 
and fills the hole either below the bit which 
prevents the pipe from being lowered 
after the pulling up for the spudding effect, 
or around the pipe which sticks it in the 
hole preventing circulation of fluid or the 
rotation or pulling of the pipe. If, how- 
ever, the operator successfully pulls out 
the pipe after hair-breadth escapes, the 
hole around the heaving shale becomes 
like a solid mass of boiling stew (sub-illus- 
tration Number 6) and further penetration 
into this heaving and swelling hole or shale 
is one of great worry and tremendous ex- 
penditures. If this point is ever reached, 
it will pay for the operator to move over 
and drill a new hole. In these sub-illus- 
trations in Figure B, one will notice that 


the water sand above the shale has ab- 
sorbed a great deal of the mud causing the 
sand to become loosely consolidated. 
This situation in sand will sometimes 
cause the sand to become too loose and 
fall into the hole and stick the pipe. For 
a shale or sand of the above type, it is best 
to provide a mud that has such properties 
as, (1) to carry the cuttings up with it im- 
mediately, as in the majority of cases the 
cuttings will stick to the side of the hole 
or pipe and congregate there to such an 
extent as to cause serious damage, (2) 
a mud that builds a good thin, impervious 
wall, (3) has a low viscosity and (4) weight 
of not more than 10 pounds to the gallon 
unless gas is encountered in the hole and 
greater weight is necessary, (5) possesses 
a very high colloidal content and, (6) ab- 
solutely no free water. The last require- 
ment is most important and every tech- 
nique should be employed in keeping the 
dispersed phase (colloidal material) thor- 
oughly mixed with the dispersion medium 
(water) to form true colloids. 

The third type of shale is the compact 
type which when examined by the eye 
would be expected to be of such compact- 
ness and hardness as to hold itself to- 
gether. In all probability this shale would 
give the least trouble of any of the three 
types. However this particular type of 
shale is the most bentonitic. This ben- 
tonite is really the nemesis to the three 
types of heaving shale and in reality 
causes the majority of trouble. When the 
mud is in poor condition this compact 
shale absorbs a great deal of the water and 
the heaving effect of this shale is the most 
severe of all, as the heave is very sudden 
and very little warning is given to the 
operator as compared with the other two 
types of shales. This shale swells within 
itself until the pressure becomes so great as 
to give way all at once into the hole 
causing an abrupt stop in drilling. Oper- 
ators fear this compact heaving shale be- 
cause of its suddenness to heave, and the 
pressure of its heaves is so great that oft- 
times it has been found to occur from 50 
to 1200 ft. above its top into the drilled 
hole. In two instances that the writer is 
very familiar with, casing was set in each 
case to the top of the shale. Drilling was 
resumed and everything would be going 
well until this sudden heave would take 
place. In each case the pipe was safely 
drawn out of the heaving shale, but no cir- 
culation could be established in the casing 
after a safe distance in the pipe was held. 
It was necessary to continue pulling tre- 
bles out of the hole until finally, in both 
cases, circulation was established and 
later, ‘‘feeling’”’ for bottom found the shale 
1200 ft. above the bottom of the casing. 
Both cases were similar as both wells were 
drilled into the same shale body of the 
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same geological age. Once this shale is 
disturbed it is practically impossible to 
penetrate through it. However, if the op- 
erator would treat the mud before pene- 
tration, no trouble would be encountered. 
In the same area that the two wells were 
drilled in the illustration given above, the 
writer had the opportunity to come into 
contact with a mud that was treated 1000 
ft. before the penetration of this same 
shale body, and which penetrated over 
1100 ft. of the shale without a single heave 
and picked up an excellent oil sand under- 
neath. Such a treatment saved the oper- 
ator many a dollar, and the drillers on the 
well emphatically declared that it was not 
the same shale, but the positive micro- 
scope and paleontology proved it to be 
identically the same shale which gave 
trouble in two previous wells. Such a 
condition of treated mud and its effects 
can be diagnosed by following Figure C 
and the sub-illustrations. 

In this case the shale is anticipated to be 
encountered at a certain depth and every 
precaution has been taken into considera- 
tion by the operator. Mud-pits, engi- 
neers, good pumps, chemicals, geological 
facts, etc., have all been checked and passed 
on and the drilling begins. When the hole 
is from 500 to 1500 ft. from the shale body, 
the mud is so treated from the surface 
casing on down that it should be in good 
shape for the penetration of the shale. 
Care of the mud from that depth on is 
based upon a 24-hour basis, every hour a 
thorough check of the mud is made insur- 
ing that no change has taken place in the 
physical or chemical characteristics of the 
fluid. In sub-illustration No. 1 Figure C, 
the mud is in such good shape that only a 
wall is built to the surface of the hole, and 
as the water sand is penetrated as shown 
in sub-illustration No. 2, a good wall is 
built to the sand stratum with very little 
mud-filtration into the sand caused solely 
by the high porosity of the sand, which 
under any normal circumstances would 
absorb a certain amount of the fluid. The 
shale is also penetrated but the wall is 
built very quickly and is thin and imper- 
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Figure E: Effect 
of colloidal mat- 
ter on thickness 
and filtration me- 
dium of depos- 
ited walls. 




















vious. In sub-illustration No. 3, the pipe 
is out of the hole and the hole is just as it 
should be, and the shale has not been dis- 
turbed. Continuous drilling in sub-illus- 
trations No. 4 and 5 shows that the shale 
is protected by a good wall and good mud, 
so that when the oil sand underneath the 
shale is encountered a trip out of the hole 
leaves the hole standing up and free of 
any heaves (sub-illustration No. 6, Figure 
C.) 

Nevertheless, in compact heaving shale, 
if a heave takes place and the mud is in 
poor condition, it is best to pull the pipe 
out of the shale immediately, if possible, 
and pump above the heaving area. Then 
the mud should be thoroughly treated for 
the required and necessary characteristics 


TABLE I 
No. of Total 
Heaving Greatest Heaving 


Shale Penetration Shale in 


Field Type Wells 
iene TE, Tees... «000.0060 Piercement 5 
Big Hill, Jefferson City, Tex. .Piercement 1 
Double Gum Bayou, Tex... . Wildcat 1 
Edgerly, La.................Piercement 1 
Hackberry, La..............Piercement 6 
High Island, Tex............Piercement 37 
errr Ty Piercement 8 
is i cdaeccensdnes Piercement 3 
Sour Lake, Tex.............. Piercement 2 
Spindle Top, Tex........... Piercement 7 





Types of 
One Well All Wells Heaving Shale 
900 3,129 Brittle and Sticky 
1,123 1,123 Sticky 
2,363 2,363 Brittle, Sticky and Compact 
1,333 1,333 Brittle and Compact 
2,300 601 Brittle and Sticky 
1,092 12,794 Brittle, Sticky and Compact 
1,073 6,304 Brittle and Sticky 
902 1,7 Sticky 
306 569 Sticky 
700 1,600 Sticky 
33,286 Grand Total 
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so as to work out the heaved particles, 
seal off the shale and attempt to pre- 
vent the identical reaction that caused 
heaving. After such precaution has been 
taken care of, then drilling is resumed 
slowly so as to wall off the shale and build 
a good strong wall. The pump should 
not be opened at top speed, and the rota- 
tion of the pipe should be of a medium 
speed, as full force of the pump pressure 
at the bottom of the hole in the shale may 
cause an agitation in the shale before a 
wall can be built, and fast rotation of the 
pipe will slap the bit against the walls of 
the hole and break down walls that were 
being built. 

One more point about the compact 
shale. It readily can be observed that if 
this shale heaves because of its bentonitic 
properties and the absorption of free 
water from the drilling mud by this min- 
eral which causes the shale to swell and 
from which such an absorption is made 
through a poor wall condition which per- 
mits the filtration of the water into the 
shale, then, it is best to use a mud that 
has practically no free water and which 
can build a good impervious wall against 
the shale body. 

It is not uncommon to find all three 
types of shale in one field, or area, and in 
one case, which the writer is familiar with, 
all three types of shale were found in one 
well. From the above diagnosis of the 
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three types of shale one can see that cer- 
tain requisites are necessary to combat 
each type and these characteristics must 
be maintained for each type. Therefore, 
in this particular well, which was drilled 
to 9,863 ft., the mud had to contain such 
characteristics as to combat all three 
types at once. It so happened that the 
manner in which the types are listed above 
is also the manner in which they occurred 
in this well and it was extremely difficult 
to keep and maintain all of the required 
characteristics atonetime. Nevertheless, 
all hazards were overcome and 9,200 ft. of 
7-5 in. casing was successfully set through 
these shale bodies without any mishap. 
In this particular well 2,368 ft. of heaving 
shales were penetrated. 

Often it is not the penetration of heav- 
ing shale that gives a great deal of trouble, 
but in order to make the job a successful 
penetration casing has to be run to bottom 
and set. Many hazards are encountered 
in the running of a string of casing through 
heaving shale, and the greatest hazard 
is the heaving of the shale before the cas- 
ing is set on bottom and cemented. 
There have been numerous cases where 
the casing has never gotten on bottom 
and the fault was laid to the heaving shale 
where in reality the shale did not heave 
on its own heaving action but was forced 
to heave by the action of the running-in 
of the casing. In Figure D is a set of 
illustrations exemplifying this condition, 
and reference will be made to this figure 
to bring out this forced heaving action. 
The hole has been drilled and the shale 
successfully penetrated, but the mud, 


even though it had good qualities, had a 
tendency to build a thick wall (see sub- 
illustration No. 1), so that when the cas- 
ing is being run to bottom, the wall is 
sheared off by the on-coming casing and 
builds up ahead of the guide-shoe on the 
casing, as shown in sub-illustration No. 2. 
When several hundred feet of casing have 
been run into this thick wall there is so 
much of the wall travelling ahead of the 
casing that the compactness becomes so 
great and the wall-shearing so smooth 
that the formation begins to fall into the 
hole and around the casing, as shown in 
sub-illustration No. 3. This prevents 
the casing from going any further and 
probably leads to sticking. In this case 
circulation can not be obtained because 
the wall is too packed against the sides 
of the formation and casing. It is best 
when the mud has thick-wall-building 
qualities to run in several hundred feet of 
casing and then stop and slowly pump and 
circulate the mud for a few minutes. 
This breaking of circulation should be 
maintained even to the bottom of the hole. 
This keeps the casing free at all times, and 
what wall is carried ahead of it is always 
pumped away. 

In Figure E a portrayal of the signifi- 
cance of walls and their characteristics has 
been attempted. In sub-illustration No. 
1, the wall is thick and porous and the 
filtration of free water from the mud is 
very high due to the fact that the wall 
lacks an appreciable amount of colloidal 
material. In sub-illustration No. 2 the 
wall is not so porous and not so thick, and 
the filtration is not too high but yet high 





272 


Table No. 2 


Field 


Barbers Hill, Texas. .... 


Big Hill, Jefferson City, Texas. . 


Double Gum Bayou, Texas. 


Edgerly, Louisiana. . 


Hackberry, Louisiana 


High Island, Texas 


Hull, Texas 


Jennings, Louisiana 


Sour Lake. Texas 


Spindle Top, Texas 


Formations Carrying Heaving Shales 
Discorbis Zone, Heterostegina Zone, Marginulina 
Zone of Middle Oligocene Age; Vicksburg Formation 
of Lower Oligocene Age. 


.. Discorbis Zone, Heterostegina Zone, and Marginu- 


lina Zone of Middle Oligocene Age. 

Discorbis Zone, Heterostegina Zone, and Marginu- 
lina Zone of Middle Oligocene Age; Vicksburg of 
Lower Oligocene Age; Whitsett of Upper Jackson 
Age. 


. Vicksburg of Lower Oligocene Age; Whitsett of Up- 


per Jackson Age. 

Discorbis Zone, Heterostegina Zone, Marginulina 
Zone of Middle Oligocene Age; Vicksburg of Lower 
Oligocene Age. 


.. MDv Zone of Lower Miocene Age; Discorbis Zone and 


Marginulina Zone of Middle Oligocene Age; Vicks- 
burg of Lower Oligocene Age. 

McElroy of Middle Jackson Age: Caddell of Lower 
Jackson Age; Cockfield of Upper Yegua Age; Upper 
Saline Bayou of Lower Yegua Age: Lower Saline 
Bayou also conducive to heave. 


.. Discorbis Zone, Heterostegina Zone, Marginulina 


Zone of Middle Oligocene Age; Vicksburg of Lower 
Oligocene Age. 

McElroy of Middle Jackson Age; Caddell of Lower 
Jackson Age; Cockfield of Upper Yegua Age: Upper 
Saline Bayou of Lower Yegua Age. 

Marginulina of Middle Oligocene Age; Vicksburg of 
Lower Oligocene Age. The Discorbis Zone and 
Heterostegina Zone of Middle Oligocene Age are 
conducive to heave but are easily controlled by chem- 
ical treatment of the drilling fluid. 


enough to do damage and should be 
eliminated. In sub-illustration No. 3, the 
wall is considered ideal. The porous 
condition has been eliminated which in 
turn eliminates filtration. Such a wall is 
built only when the mud is highly colloidal 
with the correct viscosity. 

Combating heaving shales has been of 
extreme importance in the past five years 
and many theories and field practices have 
been expounded and undertaken. Very 
good success has been experienced by the 
writer by the use of chemicals mixed in 
the circulating fluid to create reactions 
which produce a definite function while 
the fluid is in the hole circulating. Fifty- 
six different chemicals have been used to 
form seventy-six totally different for- 
mulas, and as many as twenty-two were 
used in one well alone. The chemicals 
were mixed for the reduction of viscosity, 
the liberation of gas, for building fast and 
thin impervious walls, for building tough 
impervious walls, for reacting with the 
shales in counteracting heaving condi- 
tions, for reduction of the salinity of muds, 
for decreasing or increasing the alkalinity 
or acidity of muds, for keeping the mud 
gelled while circulation is stopped, for 
cleaning the walls from sands underneath 
the shale after casing is set, for the settling 
out of cuttings immediately as the mud 
reaches the surface, for relieving stuck 
drill pipe when circulation is still main- 
tained, and for many other uses which do 
not have any relationship to heaving 
shales and which will not be mentioned 
herein. By the use of chemicals over 
33,286 feet of heaving shales were suc- 
cessfully penetrated under direct super- 
vision of the writer. This figure is 
compiled from the amounts of shales 
penetrated in several fields over the Gulf 
Coast Area of Texas and Louisiana. The 
accompanying Table No. 1 will give some 
idea as to the extent of some shale bodies. 

From the accompanying table one may 
conclude that heaving shales have been 
found only on piercement type dome. 
Such, however, is not the case. The 
wildeat drilled in the Double Gum Bayou 
Area, Chambers and Liberty Counties, 
Texas, is a non-piercement type prospect, 
and other companies have experienced 
great difficulties in non-piercement type 
domes. However, shales on piercement 
type domes are more difficult to combat 
than those on other types of structures. 
The reason can be attributed to the dip 
of the shale (angle of repose). The angle 
of repose is greater on piercement type 
domes than any other because of the 
enormous uplift of the formations near the 
salt dome. So significant is the angle of 
repose of shale bodies that special research 
was conducted on its importance for 
months. It is definitely known that 
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when the angle of repose is beyond the 
critical point (placed at from 35 to 45 deg.) 
the shale has a natural tendency to slough, 
regardless of the type, and definite mud 
characteristics must be had to overcome 
this tendency. When drilling on the 
flanks of domes, this factor of dip must 
always be constantly borne in mind by the 
engineer. 

Various procedures have been followed 
by some companies in the attempt to 
minimize mechanically this angle of 
repose or dip of the shale, some believing 
that this angle is really the direct cause of 
the heave. One of the best methods, 
however, is to employ directional drilling. 
In Figure F, the illustration shows the 
flank of a salt dome with an oil sand 
underneath an overhang, but separated 
above and below by a stratum of heaving 
shale. If well No. 2 was drilled through 
the shale into the sand, the full dip of the 
shale would have to be dealt with and 
such a drilling would probably end in 
complete failure. The operator, in order 
to eliminate the dip of the shale, believing 
that this dip is causing all the trouble, 
drills well No. 1 away from the dome. 
The hole is straight to a certain depth, 
then it is deflected so as to encounter the 
shale as perpendicular as possible to the 
dip. If the upper stratum of heaving 
shale is too thick or for some other reason 
it is best to drill through the overhang, 
well No. 4 can be drilled straight to a 
certain depth and deflected to penetrate 
the overhang as well as drill through the 
shale perpendicularly to the dip which 
allows perfect penetration of the oil 
sand. On the other hand the operator 
may be fortunate enough to drill well No. 
3 and go from the dome mass to the oil 
sand without the heaving shale bodies 
being encountered. Even though a well 
like No. 3 has been drilled, future loca- 
tions and successful production may de- 
pend entirely upon directional drilling. 
Without a doubt, the angle of repose is a 
big factor in heaving shale conditions, 
and the writer believes that a great deal of 
the hazard can be eliminated by con- 
trolled directional drilling and the use of 
chemically treated muds. The Eastman 
Oil Well Survey Company have records of 
holes they have successfully deflected 
out of the salt mass to the underside of the 
Overhang, and from outside have de- 
flected into the under-side. 

Heaving shales seem to occur in certain 
geologic formations more than in others, 
and this factor alone is of extreme im- 
portance as the geologist can easily esti- 
mate at what depth the heaving shale 
section may be expected. This estimate 
affords the operator ample time to prepare 
for the penetration into the shale. It is 
good policy to have the mud treated for 
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the penetration from 500 to 1,000 ft. 
above the shale, so that when the drill 
encounters the shale, no serious conse- 
quences may occur. Of all the heaving 
shales studied and encountered in the 
Gulf Coast of Texas and Louisiana, the 
writer knows of no instance save one 
where heaving shales were found to exist 
in the Middle Oligocene Formation, or be- 
low. At High Island, Galveston County, 
Texas, the Lower Miocene section seems 
to have a high tendency to heave and 
does give considerable trouble, but it is 
believed that this section becomes trouble- 
some because of the high angle of repose. 
The majority of the most difficult heaving 
shales are found in the Middle Oligocene 
section comprising the Discorbis Zone, 
Heterostegina Zone, and Marginulina Zone. 
The shales in these formations are highly 
bentonitic and all contain heaving shale 
characteristics. In some areas the shale 
is not so susceptible to heaving as in 
others, and still in other areas the entire 
shale section in the formation does not 
give any trouble whatsoever. 

The Vicksburg formation of Lower 
Oligocene Age also contains a large thick- 
ness of heaving shale bodies, and so does 
the Whitsett, McElroy, and Caddell of 
Jackson Age. The Cockfield, and Upper 
Saline Bayou of Yegua Age, and Lower 
Saline Bayou of Cook Mt. Age also dis- 
play a tendency to heave and in some in- 
stances the shales in these formations are 
very difficult to drill. Few wells in the 
Gulf Coast have drilled into the Cook 
Mountain or Mount Selman formations, 
and the writer knows of only several 
instances where heaving shales were en- 
countered in these formations. 

By using the fields listed in Table No. 1, 
the formations carrying heaving shales 
are listed correspondingly on page 272. 








Figure F: Method of 
penetrating heaving 
shale under an over- 
hang by the use of 
directional drilling. 


Table No. 3 is a complete list of the geologic 
section from the surface to the top of the 
Eocene Wilcox and the formations are listed 
as to their mud making ability and whether or 
not the colloids thus formed are beneficial for 
the treatment of fluids in association with 
chemicals in fighting heaving shales. 


Besides the use of chemicals, a number 
of companies have tried the collapsible- 
bit in which pipe does not have to be re- 
moved from the hole to change bits. The 
bit is pumped up the drill pipe by revers- 
ing circulation, or by pulling with a wire 
line and a new bit pumped down the drill 
pipe which fits snugly and accurately 
when it reaches the bottom of the drill 
collar. 

Still other companies are combining 
chemically treated mud and especially 
made full-hole continuous-circulation tool 
joints which eliminates shutting down the 
pumps to make connections. 


Table No. 3 


Formation 
‘ Beaumont 
Pleistocene . ee 
| Lissie 
_ | Citronelle 
Pliocene i : 
_Fleming..... 
Miocene Fleming...... 
Lower Miocene MDv Zone 


. ( Discorbis Zone 
Middle 


“ ‘ Heterostegina Zone 
Oligocene 


_ Marginulina Zone 


Lower Frio 
Oligocene q Vicksburg 
— | Whitsett 
Locene: 
< McE 
Sedheun 1feElroy 


E Y Cockfield 
jocene Yegua ; aie 
. | Upper Saline Bayou 


Eocene Crockett: Lower Saline Bayou 
Cook Mtn. | Sparta 
. Weches 
Eocene es 
Bie. Sedans « Queen City 
. Selman  Reklaw 
Carrizo 
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Are Colloids Helpful 
Mud Making in Combating 


Ability Heaving Shale? 


Fair No 
...Poor No 
.. Fair No 
.. Good Slightly 
Good Slightly 
Poor No 
Good Yes 
Good Yes 
Good Yes 
Poor No 
Very Good Yes 
Good Yes 
Good Yes 
errr Yes 
Good Yes 
Good Yes 
Good Yes 
Poor No 
Good Yes 
Poor No 
Good Yes 
Poor No 
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Progress in Drilling Equipment 


Constant Improvement in Methods and Mecha- 


nism Contribute to Real Conservation by Re- 


ducing Waste, Increasing Production and Making 


Available New Sources of Supply. 


Adurnovcu the art of well drilling has 
made great strides in the past eight dec- 
ades it is still susceptible of improvement 
and every year new devices are brought 
out and advances on old methods are 
recorded. Today it is possible to drill a 
well in half the time or to twice the depth 
considered practicable ten or a dozen 
years ago. 

Refinements in the use of mud and in 
cementing practice and better knowledge 
of the conservation of gas power have 
made it possible to avoid waste. Direc- 
tional drilling and underwater drilling 
have made possible the opening of areas 
previously inaccessible. New methods of 
pipe perforation at depth have overcome 
obstacles to the flow of some wells while 
chemical treatment has restored others 
that seemed near exhaustion. 

In this connection it is worth while 
mentioning that many—one might even 
say most—of the mechanical improve- 
ments in drilling and producing wells have 
been due to the research and experimenta- 
tion of equipment manufacturers. The 


oil industry takes these new appliances, 
pays for and uses them, often with little 
thought to the long and expensive process 
of development that preceded their ap- 
pearance on the market. The research 
and testing departments maintained by 
the steel companies who are manufac- 
turers of oil country tubular goods, the 
makers of bits, drilling machinery, pumps, 
valves and specialties are among the finest 
and best equipped to be found anywhere. 
Millions of dollars go every year into the 
fabrication of better tools for the oil man’s 
use and into other costly experiments that 
never see the light of day. 

All of this work and outlay, too exten- 
sive to be enumerated here, is a most 
important contribution to the cause of real 
conservation since the net result is to make 
it possible to uncover oil in places formerly 
beyond reach and to increase the percent- 
age of total recovery from developed 
fields. 

In actual drilling work a combination 


Model RD 6 SD double drum comet Diesel 
with spudder and rotary drive, manu- 
factured by Waukesha Motor Company. 
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that has come into great favor with field 
men in the past few years is the portable 
rig in which the engine and drilling equip- 
ment are mounted on a single frame and 
in some instances are placed in trucks or 
trailers with crawler-tread wheels. One 
of the pioneers in this field was Emsco 
Derrick and Equipment Co. Most of the 
leading manufacturers of drilling equip- 
ment are now turning out this type of 
mechanism which saves much of the time 
formerly spent in mounting, dismounting 
and transporting rigs. One of the most 
recent of these is a heavy duty spudder set 
on a trailer with four crawler wheels and 
equipped with a 150 H.P. engine mounted 
on the frame. It is able to handle a 
514 in. x 36 ft. stem and to drill to 
4,000 ft. With shear poles the mast has a 
capacity of 60 tons. Three of these Star 
Drilling units recently were shipped for 
service in the Bahrein Islands. 

In the design of portable rigs operated 
by multiple cylinder engines many im- 
provements have been made. One of 
these effected by the Portable Rig Com- 
pany is the complete enclosure of drive 
between engines, shafts, bearings and 
chains in a dust proof casing, a feature 
which contributes to the longer life of the 
equipment as well as to the safety of the 
crew. With portable units powered by 
two engines the power of both can be 
compounded through suitable transmis- 
sion and clutch mechanism for such 
operations as hoisting the drill stem. 

The question of power for drilling is 
discussed at some length in articles on 
other pages of this issue. Steam, oil and 
electricity all have their advantages for 
meeting special conditions. For field 
service a great increase is to be noted 
recently in the number of Diesel installa- 
tions. For deep drilling especially the 
use of compounded power in the oil-elec- 
tric drive has been found highly effective. 
One of the most effective hook-ups con- 
sists of two 300 H.P. Waukesha-Hesselman 
oil engines used to drive direct current 
generators with control that can be 
manipulated to throw the power of both 
engines into one operation or to divide 
it as the load demand necessitates. Else- 
where in this issue are illustrations of 
Atlas Imperial and other Diesel installa- 
tions. 

Keeping pace with the demands im- 
posed by drilling development pump 
manufacturers have provided more power- 
ful equipment for use in deep well drilling 
and have simplified design and operation 
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in the pumps used tor ordinary operations. 
New designs of Gardner-Denver steam 
pumps handle fluid pressures up to 2,000 
lb. (being shop tested to 4,000 lb.) and 
have capacities up to 620 gal. per minute. 

Metallurgy’s contributions to drilling 
development have resulted in increasing 
the strength and resisting power of casing 
and drill pipe while it has made possible 
the fabrication of bits adapted to all sorts 
of structure. To enumerate in detail the 
progress made in this field would require a 
volume in itself but it may be said that 
the provision of pipe of greater torsional 
resistance, stronger joints and more dur- 
able bits has made the drilling engineer’s 
life a more enjoyable one and has con- 
tributed in no small degree to greater 
speed in drilling and to fewer failures and 
expensive fishing jobs. 

Two operations that have developed 
into highly specialized jobs calling for the 
study and attention of experts are the 
handling of mud and cementing of the 
well. Cementing problems are the sub- 
ject of a special article appearing else- 
where in this issue but some further ob- 
servations on this subject are contributed 
by engineers of Baker Oil Tools Inc. 

“Floating equipment is being used 
almost universally for running in long 
strings of casing. This equipment aids in 
the cementing of the pipe as well as pro- 
viding safety and relief to surface equip- 
ment. The general practice in deep wells 
is to use either two float collars with a 
guide shoe or a float shoe and float collar. 
The float collars are usually placed in the 
first and second joints above the guide 
shoe in the former case and the one float 
collar in the first joint above the float shoe 
in the latter. In some cases a whirler 
cementing shoe is substituted for the float 
shoe. The distance at which the upper 
float collar is placed above the shoe is 
determined by the preference of the opera- 
tor as to where he wants the plugs stopped 
since individual opinion varies as to the 
amount of cement that should be left in 
the casing above the shoe.”’ 

With deeper drilling higher pressures 
have had to be dealt with. In the Gulf 
Coast area of the United States relatively 
high pressures are frequently encountered 
at shallow levels and pressures ranging up 
to 3400 lb. are found between 6500 and 
9500 ft. These higher pressures necessi- 
tate the use of blowout preventers and 
high pressure valves. An _ interesting 
blowout preventer hook-up providing 
control during drilling is manufactured 
by Cameron Iron Works. It consists of 
three pressure-operated units. On the 
casing is a ram-type pressure-operated 
blowout preventer, having no openings for 
flow-lines or fill-up lines, and equipped 
with piperams. Above, asecond ram-type 
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pressure-operated blow-out preventer, 
having two flow-line openings below the 
rams, is flanged. This preventer also is 
equipped with pipe rams. One flow-line 
opening is swaged to accommodate a fill-up 
line. The other is used as an outlet for 
conveying circulating fluid from the pre- 
venter to the ditch. The flow-line is 
equipped with a pressure-operated gate 
valve. 

In event of a blowout, or threatened 
blowout, rams of the upper preventer are 
closed and the pressure operated flow line 
gate valve is closed. Circulation is then 
started, discharge being through a choke 
outlet leading from the main flow-line. 
While circulation is maintained, drill pipe 
is rotated between 15 and 30 r.p.m. and 
slowly raised and lowered between tool 
joints to prevent sticking. This is made 
possible by the development of self-feeding 
ram packing elements which automatically 
take up wear due to movement of drill 
pipe. If control of well pressures cannot 
be regained by increasing the weight of the 
circulating fluid from the point at which 
the bit is stopped in the hole, then drill 
pipe may be lubricating back to bottom 
with complete safety. This is accom- 
plished by passing tool joints through the 
alternately opened and closed rams of the 
upper and lower preventers. 

To permit full control on Christmas 
trees, valves tested to 6000 lb. are fre- 
quently needed. One of these of Hyper- 
seal design is made of alloy steel and is 
used as a master control valve and for 
drilling through service. Another Merco- 
Nordstrom product for mud lines and 
flow lines is constructed with such rugged- 
ness that the seven inch size weighs 
roundly 2,300 lbs. 

A new tubing head for use in drilling 
or production is a development of Her- 
cules Tool Company. Its novel feature 
is that it will accommodate an electric 
cable which passes down through the 
packing and slips; the packing packs off 
around the cable as well as the tubing. 

An interesting device for separating 
gas from oil in the lower tubing and re- 
turning the surplus gas to the surrounding 
sands is the Zublin gas extractor. It 
takes advantage of the fact that pressure 
is higher in the lower part of the tubing 
than in the upper section and utilizes a 
part of this differential to operate the 
extractor itself while another portion is 
used to drive the extracted gas back into 
the upper part of the formation. 

Another method of conserving bottom 
hole pressures, lowering lifting costs and 
reducing gas oil ratios is the G.P.I. sys- 
tem which accomplishes these results 
through use of a series of valves by which 
flow can be regulated and the necessity 
of high pressures can be eliminated. 
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Parkersburg heavy duty 136 ft. by 30 ft. drilling der- 
rick mounted on a steel substructure, one of the most 
modern installations on the Gulf Coast. 





Shooting Through Casing at 10.000 Feet 


New Uses For The Gun-Perforator Are Being 


Developed Almost Daily and its Use is Being 


Extended to Canada and South 


The 


America. 


Ideal of Selective Production Being Realized. 


Cowrtere isolation of the various oil- 
bearing sands in a well and their produc- 
tion in succession has for many years been 
the objective of petroleum engineers. 

In the last ten years many inventions, 
such as electrical coring devices, formation 
testers and electrical ‘‘water witches” 
have given surprisingly accurate knowl- 
edge of subsurface conditions. 

Well surveying methods, too, aided by 
the above developments, have improved 
to the point where really accurate correla- 
tion curves can be made from well to well 
in each field. 

Cementing technique has advanced 
rapidly, so that now positive water shut- 
offs are the rule, instead of the exception. 

With all these improvements in drilling 
methods perfected, there was—up to about 
four years ago—one major difficulty: 
An accurate and positive method of 
perforating casings underground, to re- 
open strata that had been cased and 
cemented off, was still lacking. 

At this juncture, a Los Angeles engi- 
neering concern perfected a Gun Per- 
forator Service. Briefly, this method 
consists of a cylindrical gun with a series 
of firing chambers, each containing a 
charge of powder and a sharp-nosed steel 


bullet. The gun is run in the well on a 
conductor-cable which spools from a 
drum on the service truck. Depth and 
weight indicators tell the shooter when 
the zone to be perforated is reached, and 
the pressing of an electric switch on the 
control panel fires the bullets, one at a 
time, through casings and cement and 
into formation, thus re-opening the des- 
ignated zone to oil production. 

It is of interest to note that the detona- 
tion of shots is entirely by electrical con- 
tact—no percussion is used. Due to this 
fact, and the use of other positive safety 
devices, there is not the slightest danger 
attending the operation. 

The most common and widespread ap- 
plication of the gun perforator, of course, 
has been the well known plug-back 
method of bringing new life to old wells 
where potential producing zones had been 
cemented off as the well was carried down 
in search of deeper sands. In many fields 
this method has been carried out, not 
sporadically with individual wells, but 
systematically in plug-back campaigns, 
based on old correlation records which had 
been almost forgotten in oil company files. 

Incidentally, the gun perforator has 
proved its great penetrating power in 


Deepest gun perforator job to date was two miles down at Union Oil Company’s famous Lillis-Welsh 


No. 1, Kettleman Hills, California. 
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many of these old wells, where the bullets 
have bored through as many as three 
strings of casing and cement. 

But a still more modern and efficient 
application of the gun perforator has been 
to anticipate future perforating needs 
when drilling and completing the well, and 
to cement a blank liner throughout the 
entire potential producing zone, thus 
isolating all water, shales and oil sands at 
one operation—then to perforate each 
oil-bearing stratum selectively, starting 
from the bottom zone and working up. 

Another use of the gun perforator has 
been to improve the gas-oil ratio in wells 
where pressure from the oil-bearing forma- 
tion has been seriously depleted. This is 
done by shooting one hole at a time at 
intervals within the suspected area, until 
the bottom of the formation is reached. 
Enough time for the gas to reach the 
surface is allowed between shots. When 
the gas is located, the operators furnish a 
pressure packing gland, where necessary, 
to control the gas pressure. 

This same packing gland, incidentally, 
is used on all wells, such as the deep well 
illustrated where high pressure conditions 
are known or suspected. This assures 
complete safety while gun-perforating. 

In addition to perforating for produc- 
tion, the gun perforator has been found 
applicable to various cementing opera- 
tions, such as squeeze jobs for water- 
shut-off and cementing in stages to correct 
previous water shut-offs that have proved 
to be faulty. 

Another prevalent use of the gun 
perforator is to perforate for final test of 
water shut-off after cement jobs have 
been performed. If the original job tests 
wet, the same perforations can be used for 
another squeeze job. 

Some of the other applications found 
practical are: perforating clogged screens; 
perforating tight or clogged formations 
after slotted liner has been set; and 
perforating for acid treatment. 

At present writing, gun _ perforator 
service is available in all parts of the Gulf 
Coast, Mid-Continent and California 
fields, and will be extended in the near 
future to the major fields in South 
America. 

For distant points not accessible to the 
standard motor truck units, portable 
equipment on skids is being supplied. 
Recently a well in Alberta, Canada, was 
perforated with such equipment, manned 
by a shooter sent from the Los Angeles 
office. 


~ WORLD PETROLEUM 





oe 





World Oil Production— Official Figures 
for 19:35 and 1936 Revised 








All figures furnished direct to WORLD PETROLEUM by Governments, except where otherwise specified 
(Figures in U. S. Barrels—Conversion ratio 7 bbl.=1 ton) 
Provisional 
Figures 
April May June July August September October November December January February March 
Country 1935 1935 1935 1935 1935 1935 1935 1935 1935 1936 1936 1936 

United States...... 78,427,000 82,454,000 82,338,000 85,485,000 84,816,000 84,109,000 88,160,000 86,475,000 88,711,000 88,820,000 82,120,000 80,185,721 
Russia ‘ 14,092,400 15,248,800 14,232,400 14,777,000 15,091,300 14,849,100 16,040,500 16,050,000! 16,100,000! 16,500,000) 15,400,000! 15,940,000 
Venezuela 11,869,900 12,175,022 13,075,118 13,429,885 12,628,067 13,151,362 13,681,619 13,152,776 13,389,789 13,487,089 12,849,480 13,432,671 
Roumania ; 5,008,000 5,035,000 4,842,000 5,075,000 5,030,000 4,932,000 5,181,000 5,215,000 5,361,000 5,242,000 4,809,000 5,209,000 
Iran? , 4,088 ,000 3,927,000 4,200,000 4,249,000 4,634,000 4,270,000 4,109,000 4,522,000 4,816,000 4,627,000 4,480,000 4,641,000 
Netherland India . . 3,438,848 3,517,360 3,463,061 3,531,857 3,699,430 3,661,259 3,767,596 3,528,889 3,612,056 3,614,436 3,407,194 3,670,877 
Mexico ; 3,120,035 3,529,659 3,453,871 3,573,632 3,570,908 3,442,259 3,461,457 3,340,713 3,666,265 3,377,302 3,285,965 3.537.685 
Iraq : 1,980,174 2,034,753 1,993,586 2,445,625 2,166,794 1,962,541 2,374,393 2,309,867 2,240,819 2,327,332 2,107,210 2,515,345 
Colombia‘ 1,377,299 1,486,896 1,518,460 1,639,054 1,576,307 1,555,676 1,623,372 1,582,952 1,004,474 1,611,618 1,475,403 1,619,620 
PeruS . 1,329,215 1,451,436 1,414,588 1,448,225 1,442,565 1,448,133 1,493,236 1,343,848 1,381,031 1.377.006 1,293,627 1,351,810 
Argentina 1,514,968 1,203,017 1,161,638 1,198,550 1,198,537 1,152,919 1,200,698 1,193,434 1,304,554 1,195,000! 1,117,892! 1,194,988 
Trinidad 899,946 953,108 972,904 988,341 1,003,382 992,445 1,015,492 1,078,957 1,086,530 1,079,082 983,424 1,081,191 
British India 756,461 794,968 768,692 791,774 796,150 775,133 790.612 649.041 841.764 760,182! 711,138) 760,182 
Poland 294,000 301,000 294,000 308,000 315,000 301,000 308,000 294,000 308,000 308,000 294,000 : 08,000 
Brunei 267.603 277.550 269,290 283,430 281,400 256,480 233,310 242,900 274,540 253.400 237.930 257.250 
Germany 240.4645 285.7475 257.3698 276,990: 241.8015 229.7125 232,659 236,789 263.879 254,492 227,444 274.393 
Japan ‘ 167.728 154,150 144,160 146.863 152,290 144,312 158,165 145,749 147.827 183,651 165,877 170,357 
Sarawak 151,067 155.400 150,850 151,830 154,000 145,600 148,400 141,400 140,700 139,300 127,050 136.290 
Ecuador 145,212 147,245 137.806 144,812 135,549 138,986 147,449 143,518 146.541 148,980 139,374! 162,125 
Canada 108,506 123.801 120,102 118,812 117,652 123.919 122,525 116,756 125,658 121,231 113.883: 121,489 
Egypt 94,955 100.555 99,270 103,488 104,937 100,954 103,341 96,495 94,969 91,497 97.573 111.846 
France 46,284 46.991 46,000 45,276 46.312 43.530! 44.981! 43,5301 44.981! 44.981) 42,079! 44.981 
Others! 75,000 75,000 75,000 75,000 75,000 75.000 75,000 75,000 75,000 75.000 75.000 75,000 
Total . 129,493,065 135.478.458 135,028,155 140,287,444 139,268,381 137,861,320 144,472,805 141,978,614 145,137,377 145,638,579 = 35,560,543 156,801,821 
1Estimate. 2? Anglo-Iranian Oil Co. figures revised; fuel oil returned to the ground has been deducted. Thuringia estimated 7,000 bbl.; official figure for Prussia. 


‘International Petroleum Company's figures. ° International Petroleum Company and Lobitos Oilfields Ltd. figures. 
Russian Sakhalin included with Russia. Japanese Sakhalin included with Japan. 


Official Crude Oil Production Figures for 1932 to 1936 


Daily Daily Daily Daily Daily 
Total Average Total Average Total Average Total Average Total Average 
Country 1936 1936 1935 1935 1934 1934 1933 1933 1932 1932 

United States... ‘ ; 251,125,721 2,759,623 993,942,000 2.723.129 909,107,000 2,490,704 898.874.000 2.462.670 785,159,000 2.145.243 
Russia ; ‘ ° 47,840,000 525,714 176,688,100 169,608 168,648,700 462,051 149,901,900 407.950 149,719,000 409.070 
Venezuela : 39,769,240 437.025 152,363,382 417,434 142,072,329 389.239 120.882.802 331.186 119,596,512 326.766 
Roumania 15,260,000 167,692 61,150,000 167,534 62,006,000 169.879 50,971,200 139.647 50.491.205 137.954 
Iran . 13,748.000 151,077 52,413,879 143,600 52,663,782 144,284 49,581,280 135.840 45,122,455 123.285 
Netherland India ‘ 10,692,507 117,500 42,569,625 116,629 42,289,408 115,861 38.512.663 105.516 39,584,027 108.153 
Mexico 10,200,952 112,098 40,234,902 110,233 38,167,022 104.567 33,904,882 92.890 32.802.285 89.624 
Iraq 6,949, 887 76,372 24,850,924 68,085 7,935,657 21,742 1,200,000 3,288 1,200,000 3.300 
Colombia ; 4.706.641 51,721 17,617,654 49.740 17,340,724 47.509 13,157,127 36.047 16,384,956 44.768 
Peru 4.022.443 44,203 16,835,206 16,270 15,936,937 43.663 13,923,281 38.146 9.899.266 26.026 
Argentina 3.507 880 38.548 14,317,500 39.226 14,045,652 39,015 13,759,565 38,232 13,166,900 35.975 
Trinidad 3,143,697 34.546 11,669,792 31,686 10,894,363 29.847 9.560.039 26.192 10,023,780 27.387 
British India 2,231,502 24,522 9,227,496 25,281 8,997,399 24,650 8.721.655 23.893 8.600.312 23.500 
Poland 910,000 10.000 3,612,000 9.896 3,697,617 10,130 3,858,085 10.570 3.905.230 10,670 
Brunei 748.580 8.226 3,162,614 8.647 2,673,041 7.323 
Germany 756,329 8.311 3,054,023 8.409 2,266,964 6.211 1,712,823 4.692 1.824.019 4,983 
Japan 519,885 5,713 1.848.656 5.065 1,484,962 4.068 1,377,761 3.827 1.575.333 4.375 
Sarawak 402.640 4,425 1,811,297 5.002 1,948,044 5,337 2,289,472 6.273 2.274.043 6.213 
Ecuador 450.479 4,950 1,725,354 4.727 1,655,062 4.534 1,622,624 4.446 1,573,857 4.300 
Canada 356.603 3.919 1,434,467 3.930 1,418,810 3.887 1,147,825 3.144 1.054.373 2.880 
Egypt 300.916 3.307 1,215,606 3.356 1,479,037 4.052 1,591,495 4.360 1,742,370 4.760 
France 132,041 1.451 529,664 1.451 552,000 1,512 552,000 1.515 552,000 1,508 
Bahrein 1,264,809 3.465 285.071 781 
Others 225.000 2,473 900,000 2.470 861,000 2.359 432.000 1,184 432.000 1,180 








418,000,943 4,593,416 1,634,438,950 4,464,873 1,508,426,581 4,133,205 1,417,534.479 3,884,022 1,296,682,923 3,544.94 
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World crude oil production by months, 1933-1936. Chart is weighted to compensate for va- 
riation in number of days per month. Ratio of U. S. crude production to world production. 








World Petroleum Abstracts 


Summaries of the Most Important Articles as 


Published in the Oil Press of the World Dealing 


With Technical and Economic Aspects of the 


Industry. 


Petroleum Geology 


Late REcEeNT History oF COTE BLANCHE 
SALT Dome, St. MARY ParRIsH, LA.—Donald 
C. Barton, in BULL. AM. ASSOC. PETROLEUM 
GEOLOGISTS, vol. 20 (1936), No. 2, pp. 179-185. 


One of the clearest examples of solution of 
the salt in the Gulf Coast is given in the late 
Recent history of Céte Blanche. Prior to the 
uplift of the present topographic mound, solu- 
tion (of two salt spines?) produced two deep 
sink-holes, in which a great thickness of late 
Recent alluvium accumulated. One of the 
sink-holes was uplifted to form the crest of the 
present topographic mound and shows no 
effects of subsequent solution. The activity 
of solution under the other sink-hole continued 
after the uplift of the present topographic 
mound, possibly to the present. Formation of 
residual cap rock is not recognized, but is not 
precluded. 


AGE AND CORRELATION OF SCHIST-BEARING 
CLASTICS, VENICE AND DEL REY FIELDs, 
CALir.—Wm. H. Corey, in BULL. AMER. ASSOC. 
PETROLEUM GEOLOGISTS, vol. 20 (1936), No. 2, 
pp. 150-154. 


The oil-containing, schist-bearing clastics, 
on the schist and below the nodular shale of 
the Venice and Del Rey oil fields, are deter- 
mined as of Upper Miocene age by fossil 
mollusks found in cores. Emergence of the 
area in Vaqueros through Temblor into Upper 
Miocene time, and conformity between the 
schist sand and nodular shale, are indicated. 
They are correlated with Hoots’ ‘‘ basal Modelo 
graywacke” of Santa Monica Mountains. 


Proportion OF ORGANIC MATTER CON- 
VERTED INTO OIL IN THE SANTA FE SPRINGS 
FIELD, CALIF.—Parker D. Trask, in BULL. 
AM. ASSOC. PETROLEUM GEOLOGISTS, vol. 20 
(1936), No. 3, pp. 245-257. 

A pertinent question in connection with the 
problem of the origin of oil is how much of the 
organic content of the source beds is converted 
into petroleum. It is not yet possible to state 
definitely the proportion of the organic matter 
in the sediments that is transformed into oil in 
any particular field, but recent studies of the 
Santa Fe Springs field in California, in connec- 
tion with investigations of source beds spon- 
sored by the American Petroleum Institute 
and the United States Geological Survey, have 
yielded information which makes it possible to 
estimate the order of magnitude of the amount 
converted in this field. 

All the oil that was in the Santa Fe Springs 
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field at the time the field was discovered is 
equivalent to a yield of 0.053 percent of the 
weight of the prism of sediments from which 
the oil seems to have been derived. As the 
organic content of these sediments at time of 
deposition is calculated to be 3.0 percent of 
the weight of the sediments, the yield of oil 
would be 0.053/3.0 or 1.8 percent of the organic 
content of the sediments. This represents the 
minimum production of oil by the organic 
matter. The actual quantity that was gen- 
erated by the source beds presumably was 
larger, as some oil that was formed may have 
failed to reach the reservoir. When the pos- 
sible sources of loss of oil, such as retention by 
source beds, escape to the surface of the 
ground, destruction by bacteria, and trapping 
and adsorption while migrating, are considered, 
the conclusion is reached that the most prob- 
able yield of oil by the organic constituents is 
of the order of magnitude of 4 percent, though 
the yield may have been as high as 15 percent. 


FIELD PHOTOGRAPHY FOR GEOLOGISTS.— 
F, T. Thwaites, in BULL. AM. ASSOC. PETRO- 
LEUM GEOLOGISTS, vol. 20 (1936), No. 2, pp. 
186-214. 

Many, if not most, geologists, use photog- 
raphy in their field work but, as they have 
many other duties, they can not use the heavy 
equipment commonly used by professional 
photographers. This paper presents some of 
the basic principles of photography, the ma- 
terials commonly used in the field, apparatus 
adapted to the needs of geologists, and some 
hints on proper practice in taking photographs. 
Particular attention is given to the use of fil- 
ters, which are essential to successful work on 
both distant landscapes and the details of 
rock exposures. 


Drilling 


HiaRDENING OF CEMENT UNDER TEMPERA- 
TURE AND PRESSURE.—S. L. Meyers, in 
PETROL. ENG., vol. 7 (1936), No. 7, pp. 30-31. 

From the earth’s surface the temperature 
increases with depth, the rate of increase vary- 
ing with the locality. However, at depths of 
6,000 ft. temperatures are met that are suffi- 
ciently high to alter the properties of hardening 
Portland cement-water paste. The higher 
temperatures stiffen the paste, making it 
difficult to pump; the setting times and early 


hardening are accelerated and the later strengths 
of the hardened cement are not so great as at 
lower temperatures. 

From investigations made by the author it 
appears that where temperatures above 120 
deg. F. are encountered, finely-ground high- 
lime cements are unnecessary, and perhaps 
even undesirable. Coarse-ground cements 
with a low-lime composition containing a high 
percentage of dicalcium silicate will give suffi- 
cient early strength at elevated temperatures; 
but will not be completely hydrated and there- 
fore will have a reserve for later continuous 
hydration and increase of strength with time. 
This type of cement has the further advantage 
that it remains fluid longer than quick-harden- 
ing cements at high temperatures and allows 
more time to pump into place. 


ProGREss IN DRILLING HEAVING SHALE.— 
B. Mills, in OIL WEEKLY, vol. 81 (1936), No. 1, 
pp. 51-58. 


New methods have made it possible to com- 
plete a 9,085-ft. well which passed through 
2,000 ft. of heaving shale that caused the 
abandonment of a well near the same location. 
The success in this case was due to acquisition 
of a thorough knowledge of the causes of heav- 
ing, which are listed as: 

(1) Disintegration and swelling of shale due 
to hydration by water from drilling 
muds. 

(2) Aggravation of caving and heaving by 
inadequate or faulty mechanical meth- 
ods and equipment. 

(3) Action of gas blowing shale into the hole. 

(4) Movement of shale caused by weight of 
overlying formations. 

The primary cause was identified as the 
initial sloughing of the shale as a result of hy- 
dration and softening, and the first step in the 
fight against heaving was naturally to prevent 
hydration of the shale. As long ago as 1918 
there was an application for a patent on the 
use of sodium silicate in drilling muds, but not 
until the spring of 1935 was any attempt made 
to use this substance for heaving-shale drilling 
in the Gulf Coast region. 

The difference between a sodium-silicated 
mud and an ordinary mud is that the ordinary 
drilling mud, composed of colloidal matter, 
walls the hole by filter action; the walling 
material is a filter cake which lets water pass 
through to hydrate and disintegrate the shale, 
with consequent heaving and caving. With 
the silicated muds the walling is accomplished 
by a chemical precipitation of the silica in the 
form of alumino-silicates that seal the pores 
of the shale instantly against penetration by 
water. This quick chemical action permits 
rapid drilling without having to wait for the 
slow walling action of the ordinary muds, which 
are inefficient at best. 

Physical and chemical control of the mud 
must be maintained at all times under the 
supervision of a chemist. During the early 
shale operations muds weighing 9 to 11 lbs. per 
gallon were used and later raised as high as 
14.5 lbs., especially where gas was encountered. 

However, a silicated-mud is merely the first 
requisite. Running the drill pipe in and out 
of the hole may cause destruction of the pro- 
tecting coating and stimulate initial movement 
of the shale. It has been found that the use of 
heavy casing with semi-flush joints enables the 
drilling crew to keep the drilling string in the 
hole; this substitution of casing for drill pipe 
has been an important factor in the success 
thus far obtained. Most of the heaving-shale 
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drilling by the Continental Oil Co. is now done 
with a collapsible wire line bit. 

A common trouble in heaving-shale drilling 
is the sticking of the drill stem when circula- 
tion is stopped to add to the drilling string; 
quick connection and continuous circulation 
is now provided by a “‘hammer joint” and the 
Dyer continuous circulation joint. An im- 
proved type of stuffing-box permits continuous 
circulation while withdrawing the wire line 
collapsible bit. Heavy and strong equipment, 
and an ample supply of spare parts are also 
factors of success. 

Painstaking care must be taken with the 
mud to see that it is not diluted by rain, and 
that it is properly screened and de-sanded. 
High-pressure gas from sandy streaks may 
lighten the returned mud to 8.5 lbs. per gallon 
but de-gassing of the mud by a centrifuge is a 
solution of this problem. 


A THEORETICAL EXAMINATION OF STRAIGHT- 
HOLE AND DIRECTED DRILLING TECHNIQUE.— 
L. V. W. Clark, in JOUR. INST. PETROLEUM 
TECHNOLOGISTS, vol. 22 (1936), No. 149, pp. 
140-165. 

From what appear to be perfectly logical 
premises, the author reaches some conclusions 
which he admits may be contested by experi- 
enced drillers. At a certain depth the drill 
pipe will deform spirally as a result of its 
length, irrespective of whether the bit is oper- 
ating; this is the “critical depth.”” When bed- 
ding planes are tilted beyond a certain angle 
they will deflect the bit; this is the “critical 
angle.” Keeping these critical factors in 
mind the author states the following conclu- 
sions: 

In straight-hole drilling up to the critical 
depth, and excluding any action of the critical 
angle, control of the weight on the bit, of the 
pump pressure and the speed of rotation will 
definitely produce a vertical hole. The action 
of the critical angle of the formations will 
oppose the effects of these factors, and may re- 
sult in the drilling of a crooked hole. 

In directed drilling the control of weight, 
mud pressure and speed of rotation in order to 
cause deflection become so difficult that their 
effects can only be problematical. The steer- 
ing of a bit by means of such factors is possible, 
but the exact amount of flexing or the direction 
in which the bit will travel cannot possibly 
be determined. 

After the critical depth has been passed 
nothing that the driller can do will make the 
steering of the bit more definite. The instabil- 
ity of the string is such that the bit may travel 
in any direction in suitable formations, and 
neither whipstocks nor any other type of de- 
flecting tool can have any effect except for the 
small region actually surrounding the tool. 
Once this region is passed the critical depth 
factor will once again operate. 

The critical angle hypothesis has been ac- 
cepted for a long period, and is dependent on 
the characteristics of the bit used, the angle 
from the horizontal at which the dip is lying, 
and on the relative hardness of the formation 
drilled through. 

With a complete knowledge of these three 
variables, it is possible that the effect of critical 
angle can be overcome. 

Nothing appears possible to prevent the 
long, thin circular shaft from deflecting when 
the speed of rotation reaches the critical speed. 
At this speed instability sets in, and, depending 
on the mode of vibration, so the string will 
assume a definite form. The center line of the 
MAY 1936 


shaft will never coincide with mathematical 


exactness with the axis of rotation owing to- 


want of straightness, vibration, incorrect 
weight on the bit and other causes, and, as a 
result, centrifugal forces due to the inertia of 
the shaft will produce deflection, increased 
deflection resulting in increased centrifugal 
forces. 


Oil Well Operation 


CLEANING OvuT ParaFFIN.—J. C. Albright, 
in OIL WEEKLY, vol. 80 (1936), No. 8, pp. 24-26. 


Oil wells in the Wilcox sand of the Oklahoma 
City field are showing considerable difficulty 
from accumulations of paraffin, especially those 
wells that have lost much of their original 
pressure and where artificial methods are re- 
quired to bring the allowable production to the 
top. In order to prevent this accumulation 
and to remove the paraffin when it does begin 
to form, two kinds of solvents are now gener- 
ally used in this field. One of these solvents is 
natural gasoline, of a grade corresponding to 
a 26/70 product; the other is a special heavier 
product, with an A.P.I. gravity of about 40 
deg., similar to the absorption oil used in 
natural gasoline plants; it has the advantage 
over natural gasoline of being less volatile and 
hence less subject to loss, and is needed in less 
quantity. In either case a sufficient quantity 
of the solvent is pumped into the well to be 
treated and the solvent is then ‘‘rocked”’ up 
and down in the hole by the action of the pump 
or gas lift. The operation has to be repeated 
as occasion demands, and the work is generally 
assigned to a special crew working over the 
field. 


Uses or JELLY SEALS IN ACIDIZING UPPER 
LIMESTONE FORMATIONS.—L. G. E. Bignell, in 
OIL & GAS JOUR., vol. 34 (1936), No. 42, pp. 
30-32. 

In an oil well the following case may present 
itself: the well has penetrated a producing lime 
horizon and an underlying sand horizon which 
is also producing oil. It is thought that an 
acid treatment of the lime horizon would in- 
crease its production, but an ordinary acid 
treatment would have little effect on the lime 
because the acid would run off into the sand. 
This state of affairs calls for a temporary 
sealing of the pores of the sand, thus concen- 
trating the action of the acid on the lime. 
After the lime has been sufficiently opened up 
by the acid, it should be possible to remove the 
temporary seal that was put on the sand, and 
restore it to production. 

These objects are accomplished by a new 
sealing process invented by J. J. Griebe and 
S. M. Stosser and operated by Dowell, Inc., a 
subsidiary of the Dow Chemical Company. 
The sealing compound is introduced into the 
well up to the top of the porous sand and pres- 
sure is applied to force it an inch or so into the 
pores; it will set even where underground 
temperatures are from 90 deg. to more than 
180 deg. F. The acidizing of the lime forma- 
tion then proceeds in the usual manner, and 
when this operation is completed the next step 
is to reopen the pores of the lower sand. This 
is accomplished by introducing into that sec- 
tion of the well a culture of a certain species of 
bacteria which in 24 to 96 hours will destroy 


the organic matter composing the seal, and 
thus reopen the pores of the sand. 

The author describes an application of this 
process to a well in the Edmond field where 
production was found in the Viola lime, below 
which the well had penetrated the Simpson 
dolomite (also producing) and had reached the 
productive Wilcox sand. Using the above 
described process, the Wilcox sand was tem- 
porarily sealed off and the lime and dolomite 
given an acid treatment, the results of which 
were quite satisfactory. The Wilcox sand 
was then unsealed and the well began to pro- 
duce at the combined rate of 186.98 bbl. an 
hour instead of 40 bbl. as formerly. 

The same gel may be used for testing the 
permeability of formations. A measured 
quantity of jelly seal is run in to fill the lower 
portion of the hole. When this has set, gas or 
fluid can be pumped into the hole, and if there 
are permeable formations above the top of the 
seal, the fluid will enter at a rate that can be 
measured. Having tested the lowest section 
of the formation a second batch of seal is in- 
troduced to fill up more of the lower section, 
and another measured gas or fluid test is made, 
this procedure being repeated to whatever 
extent may be desired. 

An advantage of this method of testing is 
that it is made under actual formation condi- 
tions and reflects the condition of the pores 
around the well bore, whereas laboratory core 
analysis can only test small samples of the 
formation, and these samples may not be 
truly representative of the formation a short 
distance from the spot where taken. 


Proper CHOKING IS VITAL.—B. Mills, in 
OIL WEEKLY, vol. 80 (1936), No. 8, pp. 28-22. 


This paper gives a review of the theory and 
practice of choking oil wells. ‘‘Choking’”’ is 
the term used to denote the control of the rate 
of flow of the well by providing an opening of 
suitable size from which the oil may issue. 
The proper choice of this opening is not merely 
a matter of adjusting the well to give a certain 
production in a specified time, but has a close 
relation to the productive life of the well. An 
incorrect choke may encourage water-coning 
or gas channeling. In all experimental work 
to determine the proper choke size, the princi- 
pal criteria are the gas/oil ratio, percentage of 
water, paraffin accumulation or fluid level. 
The whole matter comes down to back pressure 
control as the recognized means of obtaining 
maximum recovery efficiency. Conditions to 
be met are naturally variable, and the author 
gives an interesting account of practices fol- 
lowed in different fields. 


New Type PNEUMATIC PuMP FOR OIL 
WELLS.—R. L. Chenault, in OIL AND GAS 
JOUR., vol. 34 (1936), No. 34, pp. 34-36. 

In a new type of pneumatic pump designed 
by engineers of the Gulf Research and Devel- 
opment Corp., the subsurface equipment in 
the pump assembly consists of a displacement 
chamber with a foot valve at the lower end, 
a piston valve immediately above the dis- 
placement chamber, and two _ concentric 
strings of tubing. Compressed gas is supplied 
to the annulus between the two strings, and the 
flow of gas to and from the displacement 
chamber and to the inner string of tubing is 
controlled by raising and lowering the inner 
string, which is attached to the valve piston. 
The above-ground equipment consists of a 
lifting cylinder from which the inner tube is 
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suspended, a supporting stand and a timing 
mechanism. The action is to introduce one 
or more oil slugs into the inner tubing to be 
lifted to the surface by the gas pressure. 

This pump is intended for use where gas 
lift equipment is available but fluid levels have 
dropped to a point where regular gas lift is 
uneconomical, and to produce by gas lift 
without holding back pressure on the well. 

The device is considered a definite improve- 
ment over other types of displacement pumps 
because the capacity is higher, operation is 
more reliable (because the valves are positively 
controlled from the surface and are not likely 
to become sanded), there is no loss of effi- 
ciency when producing at less than maximum 
capacity, and it is not necessary to run inter- 
mittently for small production (the timing 
device may be set to produce at the required 
rate without starting and stopping at regular 
intervals). The amount of gas required is 
smaller than with previous types of gas lift. 


Petroleum Refining 


CompuTATIONS FOR COUNTER-CURRENT 
SOLVENT EXTRACTION PROCESSES.—I. G. 
Hunter and A. W. Nash, in JOUR. INST. PE- 
TROLEUM TECHNOLOGISTS, vol. 22 (1936), No. 
148, pp. 49-56. 

Computations for counter-current contact 
processes for the extraction of a solute from a 
liquid by means of a second liquid have been 
thoroughly described in the literature. When 
equilibrium relationships in a complex hydro- 
carbon-solvent system are represented graphi- 
cally on triangular co-ordinates, certain graph- 
ical computation methods may be used with 
fair success for this case. Although these 
equilibrium representation and graphical com- 
putation methods have been discussed sep- 
arately in the literature, they have not so far 
been presented together. 

This paper is therefore a brief description of 
a computation method suitable for application 
to the process of counter-current refining of 
petroleum products by means of selective 
solvents, and is essentially a survey of the au- 
thor’s work on this subject already published 
elsewhere. 


BReMovAL OF HYDROGEN SULPHIDE FROM 
KEROSENE BY VACUUM-FLASHING.—Geo. M. 
Woods, in PETROL. ENG., vol. 7 (1936), No. 5, 
pp. 84-86. 

When, as is usually the case, the kerosene 
fraction is obtained by direct distillation of the 
crude oil, it contains an appreciable amount of 
hydrogen sulphide, which is removed by a 
caustic wash ahead of the doctor sweetening 
operation. This caustic wash is rather ex- 
pensive, as for every pound of hydrogen sul- 
phide removed 2.35 pounds of caustic soda 
must be used. 

As an alternative and cheaper process the 
author has studied removal of hydrogen from 
kerosene by the vacuum-flashing process. 
The kerosene, at ordinary temperatures, is 
flashed in a vacuum at 20 to 40 millimeters of 
mercury in an apparatus that admits of con- 
tinuous operation. About 75 percent of the 
hydrogen sulphide can be removed in this 
way, while the kerosene loss from vacuum- 
flashing is about 0.02 to 0.05 percent, depend- 
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ing on the degree of vacuum. As not all the 
hydrogen sulphide is removed, the vacuum- 
flashing operation will still have to be followed 
by a caustic wash but the saving in caustic will 
be worth while where the hydrogen sulphide 
content is 0.4 lb. per bbl. 


Tue L.E.A. SOLVENT-EXTRACTION PROC- 
Ess.—Alexander Flachs, in PETROLEUM TIMES, 
vol. 25 (1936), No. 894, p. 282. 


The author delves into history and rescues 
from 35 years of obscurity a solvent refining 
process which was a forerunner of the various 
solvent processes now in commercial operation. 

This is the L.E.A. process which was based 
on the use of three solvents, ligroin, ethyl 
ether and ethyl alcohol. As worked out in 
1900 under the direction of the late Professor 
C. Engler, the quantity of solvents required, in 
percent of oil residue treated, is approximately 
75 to 100 of ether, 200 alcohol and 100 ligroin. 
The residue is first dissolved at ordinary tem- 
perature in the ether, and the solution is then 
treated with alcohol and cooled to —6 deg. F.; 
the cooled deposit, which contains all the 
paraffin wax, asphalt and pitch, is filtered and 
washed with cold alcohol. The filtered solu- 
tion is evaporated to recover the ether and 
alcohol, and the precipitate is treated with 
ligroin (boiling point below 113 deg. F.) to 
separate the pitch and the wax from the 
asphalt. When this solution is evaporated 
the wax is separated from the pitch by treat- 
ment with alcohol; by distilling off the alcohol 
the paraffin is recovered in apureform. The 
solvents all having low boiling points and low 
specific heats, the process is economical from 
the thermal standpoint. Some wide claims 
were made for this process at the time, but it 
appears that nothing came of it. 


SOLVENT EXTRACTION PROCESSES.—W. R. 
Wiggins and F. C. Hall, in JOUR. INST. PE- 
TROLEUM TECHNOLOGISTS, vol. 22 (1936), No. 
148, pp. 78-98. 


The author lists the chief properties to be 
looked for in a commercial selective solvent for 
the refining of lubricating oils, as follows: 

1. Chemical stability; the solvent must 
be stable in storage and under operating 
conditions, and must not react chemically 
with the oil processed. 

2. Good selectivity; the solvent must be 
capable of effecting a sharp separation be- 
tween the paraffinic and naphthenic con- 
stituents. 

3. Adequate solvent power; the solvent 
should be capable of dissolving a reasonable 
amount of naphthenic oil. The solvent 
power may be increased by raising the 
extraction temperature, but this is only 
effected at the expense of selectivity. 

4. The two phases formed must be capa- 
ble of sharp separation, this being facilitated 
by a reasonable gravity differential between 
the solvent and stock treated. 

5. The solvent should be easily and com- 
pletely recoverable from the raffinate and 
extract phases, this being effected, in prac- 
tice, by distillation. 

Other properties of importance in plant 
design include specific heat, latent heat, vapor 
pressure, flash point, toxicity and corrosive 
power. Low specific and latent heats reduce 
the heat required for solvent removal. Low 
vapor pressure reduces evaporation loss, high 
flash point minimizes fire hazards, non-toxicity 
involves less risk to personnel, and the solvent 


should be non-corrosive under the conditions 
of operation. 

The physical constants of 10 of the more 
prominent selective solvents are listed and 
flow diagrams are given for the phenol, nitro- 
benzene, chlorex, furfural, crotonaldehyde and 
due-sol processes. 


CHARACTERISTICS OF SOLVENT-REFINED 
MorTor O1is.—S. J. M. Auld, in Jour. INST. 
PETROLEUM ENGINEERS, vol. 22 (1936), No. 
148, pp. 57-77. 

The success of solvent refining lubricating 
oils is ascribed to improvement in refinery pro- 
cedure, increase in the potential sources of 
high-grade products, and improvement in the 
nature of the products. The latter is regarded 
as most significant, and is examined in detail 
in relationship to pour point, carbon forming 
tendency, viscosity index and resistance to 
oxidation and heat. On theoretical grounds it 
is to be anticipated that the last three would 
be improved by solvent treatment. Increased 
resistance to oxidation and thermal stability 
are by far the most important properties of 
motor oils Their behavior in motor and air- 
craft engines is believed to follow the course 
and effect of cracking procedure. It is con- 
cluded that the results of heat-oxidation tests 
actually run parallel to the tendency to form 
gum and carbon in anengine. Also that such 
tests will give a better interpretation of im- 
provement in this respect the more severe are 
the conditions. 

The effect in practice of propane-cresylic 
acid solvent refining on oils from particular 
sources and on the general standard of com- 
mercial motor oils is shown in terms of vis- 
cosity index, carbon residue and oxidation 
tests. Extreme paraffinicity as regards vis- 
cosity is obtainable in oils from mixed-base 
sources. As a means of discriminating be- 
tween oils in respect to their stability, the Air 
Ministry test has much to commend it for gen- 
eral acceptance, but can be improved by raising 
the temperature. Measurements have been 
made up to 250 deg. C., and the results above 
220 deg. C. are striking. The increased stabil- 
ity of solvent-refined oils under these severe 
conditions is very marked. 

Mechanical tests measuring seizing tempera- 
ture and variation of coefficient of friction with 
bearing temperature show that solvent-refined 
oils are, in these respects, at least as good as 
the best conventionally-refined oils. 

In tests on a glycol-cooled engine run to 
simulate extreme aircraft conditions, solvent- 
refined oils give better results than the best 
ordinary high-quality oils. 


Petroleum Chemistry 


@xXIDATION OF WHITE OILS.—Ralph W. 
Dornte, in IND. ENG. CHEM., vol. 28 (1936), 
No. 1, pp. 26-30. 

The present work was undertaken to obtain 
data which would aid in interpreting the chem- 
ical mechanism of oil oxidation. It was found 
that the rate of oxygen absorption by moder- 
ately and highly refined oils can be used as a 
method of determining resistance to oxidation. 
The rate of the oxidation can be represented 
accurately by a simple empirical rate law. 
The temperature coefficient of the oxidation 
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reaction has been determined and shown to be 
an important characteristic of the oil. Cer- 
tain products of the oxidation (peroxides, 
acids, and water) follow the same general rate 
law as the oxygen absorption. The results 
indicate that the oxidation of white oils is an 
autocatalytic process involving a chain mecha- 
nism whose rate determining step is preceded 
by a rapid dissociation equilibrium. 


DETERMINATION OF THE AMOUNTS OF ARO- 
MATICS IN COMMERCIAL GASOLINE.—F. Lang 
in PETROLEUM, vol. 33 (1936), Nos. 8 and 9. 


In this paper the author makes an extensive 
study of literature on the composition of com- 
mercial gasolines, with special reference to 
methods of determination of the content of 
aromatics by physical and chemical methods. 
As a practical method he recommends treating 
the gasoline with concentrated sulphuric acid 
to remove olefines, and then determining the 
aromatics (benzol, toluol, xylol) by nitration 
with a mixture of concentrated sulphuric and 
nitric acids. The nitro-aromatics are then 
dissolved in an excess of concentrated sul- 
phuric acid and the volume of residual gasoline, 
which now consists only of saturated paraffin 
hydrocarbons, is read off. If the original 
olefine-free gasoline contains more than 20 
percent of aromatics it is suitably diluted with 
aromatic free gasoline. 


PotENTIOMETRIC DETERMINATION OF MER- 
CAPTANS.— Miroslav W. Tamele and Lloyd B. 
Ryland, in IND. ENG. CHEM., ANALYTIC. ED., 
vol. 8 (1936), No. 1, pp. 16-19. 


A new procedure is described for the quanti- 
tative determination of mercaptans based on 
precipitation with silver nitrate. The titra- 
tion is performed in an alcoholic solution of 
sodium acetate, using enough alcohol to dis- 
solve the hydrocarbon sample, and titrating 
with a solution of silver nitrate in isopropyl 
alcohol. The end-point is determined po- 
tentiometrically using a silver electrode as an 
indicator, thus avoiding an excess of silver 
nitrate and eliminating the danger of simulta- 
neously precipitating impurities. 

The method is applicable to colored solu- 
tions, as the selection of the end-point is not 
dependent on a color change of an indicator. 


ENCREASING THE YIELDS IN THE FISCHER 
PETROLEUM SYNTHESIS.—F. Fischer and H. 
Pichler, in BRENNSTOFF-CHEMIE, vol. 17 
(1936), No. 2, pp. 24-29. 


In the Fischer synthesis a mixture of hydro- 
gen and carbon monoxide (water gas) is passed 
over a catalyzer contained in a heated tube. 
The product is a mixture of hydrocarbons, 
from gases to liquids and solids, and among 
them considerable proportions of gasoline and 
lubricating oil. The yield of all products is 
about 70 percent of the theoretically possible. 

It is now found that if the catalytic reaction 
is carried out in several stages the yield may be 
considerably increased. In the first stage the 
gaseous mixture is passed through the first 
catalyzer tube at a relatively low temperature, 
so that a relatively small amount of petroleum 
products is formed. These products are 
removed in a special apparatus and the residual 
gas is passed through a second catalyzer tube, 
and so on for three or more stages. 

The advantage of this multi-stage process is 
that the concentration of the reaction mixture 
is kept relatively constant; it is possible to 
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employ different kinds and amounts of cata- 
lyzers and to work at different temperatures; 
the process thus acquires greater flexibility. 
The combined yield of gaseous and liquid 
hydrocarbons under these circumstances is 151 
grams per cubic meter of the original gaseous 
reaction mixture; this yield is about 80 percent 
of the theoretical. 


POLYMERIZATION OF PROPYLENE UNDER 
HIGH PRESSURE AND TEMPERATURE IN THE 
PRESENCE AND ABSENCE OF PHOSPHORIC ACID. 
—\V.N. Ipatieff and Herman Pines, before Am. 
Chem. Soc., Kansas City, April (1936). 

The polymerization of propylene under pres- 
sure and at 330 deg. C. in the presence of phos- 
phoric acid as a catalyst yields paraffins, olefins, 
cycloparaffins, cycloolefins, and aromatic hy- 
drocarbons. The polymerization of propylene 
in the absence of phosphoric acid at 375 deg. C. 
yielded polymers containing no aromatic 
hydrocarbons. 

The following is the composition of products 
formed from the thermal and catalytic poly- 
merization of propylene. 


Thermal Catalytic 


%o % 
Paraffins 8 15 
Olefins 26 63 
Cycloparaffins 44 10 
Cycloolefins 22 6 
Aromatics 0 6 


The high temperature-pressure catalytic 
polymerization differs greatly from the low 
pressure-temperature polymerization; the lat- 
ter yields liquid product consisting only of open 
chain olefinic hydrocarbons. A method of anal- 
ysis was suggested to determine the presence 
of the different types of hydrocarbons. 


CHLORINATED PARAFFIN.—M. B. Penn 
and F. T. Gardner, before Am. Chem. Soc., 
Kansas City, April (1936). 

Chlorinated paraffin is readily dechlorinated 
by heating to temperatures of the order of 300 
deg. C. Some properties of a series of samples 
obtained by dechlorination of starting mate- 
rials of three different chlorine contents are 
presented. Chlorine elimination results in the 
formation of some unsaturated linkages, con- 
siderable ring closure, and in the formation of 
some asphaltic material. Increased initial 
chlorine content and increased temperature of 
dechlorination favor asphalt formation. De- 
chlorination in the presence of fuller’s earth 
yields a low chlorine content oil of low viscos- 
ity index. Aluminum chloride accelerates 
dechlorination but promotes formation of 
asphaltic materials. 


Petroleum Physies 


THE MEASUREMENT OF FLOW RATES OF 
Hot OIL STREAMS BY THE DILUTION METHOD. 
—T. A. Mangelsdorf, B. L. Sowers, and A. J. 
Deutser, before Am. Chem. Soc., Kansas City, 
April (1936). 

For test purposes the dilution method of 
measurement is desirable for determination of 
rates of flow of internal recirculating hot oil 
streams on commercial cracking units and dis- 
tillation equipment. Previously this method 


has not been used for oil streams because there 
was available no diluent which was known to 
be satisfactory for this purpose. 

Commercial naphthenic acid produced as a 
by-product of the refining of naphthene base 
crudes has been found suitable for use in this 
service. Its concentration may be determined 
accurately even in dilute solutions with the 
modified method herein reported, it is suffi- 
ciently stable, it is noncorrosive, and its cost 
is moderate. 


Bates oF SOLUTION OF GASES IN OILS.— 
E. A. Bertram and W. N. Lacey, in IND. ENG. 
CHEM., vol. 28 (1936), No. 3, pp. 316-318. 

When the pressure within a partially de- 
pleted petroleum formation has been increased 
by injection of natural gas to the gas dome 
above the oil, there is a tendency for some of 
the gas to dissolve in the oil, thus lowering its 
viscosity, surface tension, and density. These 
possible favorable changes resulting from “‘re- 
pressuring”’ create interest in the rate at which 
the gas may be expected to dissolve under 
different prevailing conditions. 

Previous experiments have shown that the 
rate of solution of a gas such as methane or 
propane in a quiescent body of hydrocarbon 
oil is controlled primarily by the rate of dif- 
fusion of the dissolved gas from the gas-oil 
interface into the body of the liquid. The rate 
for such a process is given quantitatively, up 
to half-saturation, by the equation: 

Dt 
Q=2C,AN = 
where Q = quantity of gas which has passed 
through surface 
C, = final equilibrium concentration of 
gas in solution 
A = area of liquid, at right angles to 
direction of flow 
D = diffusion constant 
t = time 


Methods of predicting, with sufficient accuracy 
for engineering purposes, the values of D for 
methane and for propane in various hydrocar- 
bon oils have been proposed. 

A study of the rate of solution of gaseous 
methane in hydrocarbon oils entirely filling the 
interstices of closely packed silica sands has 
shown that the process is substantially the 
same as for the case of quiescent oils in the 
absence of sand. 

In the case with sands present, the over-all 
area at right angles to the path of diffusion 
must be multiplied by the fraction of the total 
volume of the sand body which is occupied by 
the oil and by a constant whose value is 0.82. 
The constancy of this factor has been experi- 
mentally verified only with unconsolidated 
sands and therefore throughout a relatively 
narrow range of porosites. 

Electrical conductance experiments upon 
copper sulfate solutions held in similar sand 
bodies gave practically the same value of the 
constant, indicating that the effect of the sand 
is only geometrical. 


HlicH-SpeED MoTION PIcTURES OF GASO- 
LINE ENGINE FLAMES.—Gerald M. Rassweiler 
and Lloyd Withrow, before Am. Chem. Soc., 
Kansas City, April (1936). 

A large quartz plate mounted in the cylinder 
head of a gasoline engine permits an unob- 
structed view of the entire combustion cham- 
ber while the engine is operating. To record 
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the combustion phenomena occurring therein, 
there has been constructed a special camera 
which utilizes continuous film and image mo- 
tion synchronized by means of thirty lenses 
carried in a disk mounted on the engine crank 
shaft. This camera photographs thirty pic- 
tures of a single explosion at rates up to 5,000 
pictures per second. A pressure-time record 
of the same explosion is obtained. The na- 
ture of the problem was discussed, the camera 
described, and some moving pictures pre- 
sented. These pictures show the ignition 
spark, the spread of the flame through the com- 
bustion chamber, the gas movements behind 
the flame front, and the increase in luminosity 
of the burned gases near the spark plug as the 
explosion process proceeds and the pressure 
rises. In addition, the flame pictures clearly 
illustrate the essential differences between the 
flame propagation in knocking and non- 
knocking combustion. 


PuysicaAL PROPERTIES OF HYDROCARBON 
O1Ls: RELATIONS BETWEEN MOLECULAR 
WEIGHT AND CONCENTRATION IN DILUTE 
SoLUTION.—Harry T. Rall and Harold M. 
Smith, before Am. Chem. Soc., Kansas City, 
April (1936). 

In determining the molecular weight of 
petroleum fractions by the cryoscopic or ebul- 
lioscopic methods, it is customary to determine 
the apparent molecular weight, m, at various 
concentrations and extrapolate the data to 
zero concentration. This paper presents data 
which relate the slope of the line m =S C with 
the extrapolated molecular weight, M. The 
use of the formula thus derived will enable the 
calculation of M, from a single depression of 
the freezing point (or elevation of boiling 
point) of any solvent the characteristics of 
which have been previously determined. 

The formula: 





KC M, 
M = = m 
A 1+ 1.24 C 
1+ 1.24 C 
w 
where C = Ww 


is suggested for benzene (cryoscopic) and con- 
siderable data are presented to support it. 


THE FREEZING POINT AND BOILING POINT 
OF PROPANE.—Mildred M. Hicks—Bruun and 
Johannes H. Bruun, before Am. Chem. Soc., 
Kansas City, April (1936). 

A sample of pure propane has been prepared 
by treatment of high-grade commercial pro- 
pane with chlorosulfonic acid and by subse- 
quent fractional distillation at atmospheric 
pressure. The experimental value found for 
the freezing point of propane was —187 deg.+ 
0.1 deg. C., indicating that the generally ac- 
cepted value for this constant is nearly three 
degrees too low. 


PuysicaL PROPERTIES OF HYDROCARBON 
OILS: BEHAVIOR IN DILUTE SOLUTIONS OF OR- 
GANIC SOLVENTS. BENZENE.—Harry T. Rall 
and Harold M. Smith, before Am. Chem. Soc., 
Kansas City, April (1936). 

A modified Beckmann cryoscopic method for 
molecular weights is described. Results ob- 


tained with this apparatus using benzene as the 
solvent are given for oils having molecular 
weights of approximately 200, 300, 500, and 
700. Comparative cryoscopic data from 
eleven cooperating laboratories for these same 
oils in benzene solution are given and discussed. 
Data are presented showing the effect of im- 
purities in the solvent (aside from moisture), 
and also the effect of moisture, on determina- 
tion of the cryoscopic constant and molecular 
weight. The presence of impurities is prob- 
ably at least a partial explanation of the dis- 
crepancies universally found in cryoscopic 
determinations of the molecular weights of oils. 


Asphalt and Tar 


Tue CHOICE AND USE OF BITUMINOUS 
PAINT MATERIALS.—H. Walther, in OEL UND 
KOHLE, vol. 12 (1936), No. 9, pp. 191-194. 


This paper is a summary of considerations 
that enter into the use of asphalt, bitumen and 
coal tar as paint materials for roofing con- 
struction and for similar purposes. The 
microscopic aspect of most bitumens is that 
of an optically empty dark field containing 
mycel nuclei, which justify the conception of 
bitumen as a strongly protected lyophobe sol 
in an oil-like medium which may be different 
according to whether the material is a blown 
or a high-vacuum distilled asphalt. Coal tar 
is a complicated mixture of substances, and 
from the physical standpoint may be regarded 
as a colloidal dispersion of substances of high 
molecular weight in an oily medium; the tar 
resins and soot-like substances, which were 
formerly regarded as free carbon, are visible 
under the microscope as spherical globules. 

All these materials have certain physical 
constants that characterize the mechanical 
resistance and the greater or smaller plasticity 
of their paint films. Different lots are rated 
by the softening point according to Krae- 
mer-Sarnov, the breaking point according to 
Fraass, and the penetration by means of a 
needle at a certain temperature. For exam- 
ple, the value of a certain blown Mexican 
bitumen is indicated by the fact that its soften- 
ing point is 65 deg. C. and its breaking point 
—12 deg. C., giving a spread of 77 deg., 
whereas a high-vacuum distilled Mexican 
bitumen shows a softening point of 61 deg. and 
a breaking point of —1 deg., thus giving a 
spread of only 62 deg.; in the former case the 
penetration at 25 deg. was 21 mm., in the 
other 10 mm. From these data it may be 
inferred that the blown bitumen will be suita- 
ble as a paint in situations exposed to marked 
changes in temperature or to continual vibra- 
tion, whereas the principal virtue of the high- 
vacuum distilled bitumen will be greater re- 
sistance to the decomposing effects of light. 

On the other hand, coal tar pitch is more 
sensitive to temperature than the asphaltic 
bitumens; the spread between softening and 
breaking points is only about 45 deg. and the 
penetration is practically zero. A coal tar 
paint is therefore sensitive to shock, although 
this can be improved by suitable fillers to make 
it nearly equal to asphalt. 

The great technical advantage of these two 
materials is their resistance to water, although 
a coal tar paint will adhere somewhat better 
to a wet surface than an asphalt paint. For 
this reason very good results are obtained by 
mixtures of the two materials, particularly 


when the coal tar is used as a priming coat and 
the asphalt paint as the finish coat. 

The author quotes some experiments tending 
to show that asphaltic paints are less desirable 
for metallic (iron) surfaces than coal tar paints, 
due to the greater susceptibility of the asphalt 
to oxidation, with formation of acid-like sub- 
stances that corrode the metal; in this respect 
the high-vacuum distilled bitumens appear to 
be somewhat better than the blown bitumens, 
while nothing of the sort was noted in con- 
nection with coal tar paints. 

No exact information is at hand to indicate 
the value of watery bitumen or tar emulsions 
for paint purposes, but exaggerated expecta- 
tions in this direction do not appear to be 
warranted. 


Viscosity TEMPERATURE SUSCEPTIBILITY 
COEFFICIENT AS AN INDEX OF THE EFFECT OF 
TEMPERATURE ON THE CONSISTENCY OF AS- 
PHALTS.—H. G. Nevitt and L. C. Krchna, be- 
fore Am. Chem. Soc., Kansas City, April 
(1936). 

Inasmuch as the absolute measure of con- 
sistency is viscosity, the authors point out that 
the change of consistency of an asphalt with 
temperature would be more logically measured 
as the change of viscosity with temperature. 
The objections to the usual empirical suscepti- 
bility indices are discussed and the require- 
ments of a satisfactory index outlined. The 
viscosity-temperature susceptibility coefficient 
(V.T.S.) is presented as a more fundamental 
viscosity-temperature index based on the 
A.S.T.M. viscosity-temperature formula and 
mathematically represented as 


Les Log (V,+0.8) 


Log (V2+0.8) 
S= 0.221 





T: 

T: 

where § is the V.T.S., V; and V, the absolute 
viscosities at specified absolute temperatures 
T, and T,. Graphically S would be the slope 
of a straight line connecting the two points ob- 
tained by plotting on the A.S.T.M. Chart 
D-341-32T the viscosities of an asphalt as 
obtained at two temperatures. Data pre- 
sented indicate that the V.T.S. is applicable 
to a wide range of temperatures, consistencies 
and viscosities, whereas the empirical indices are 
limited to definite temperatures and relatively 
narrow ranges of consistency. 
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Use of Petroleum 


CHLORINE COMPOUNDS ADDED TO LuUBRI- 
CANTS: CHEMICAL CONSTITUTION AND TIMKEN 
FILM STRENGTH.—Bert H. Lincoln, Gordon D. 
Byrkit, and Waldo L. Steiner, before Am. 
Chem. Soc., Kansas City, April (1936). 

The measurement of the Timken film strength 
of an oil containing a chlorine bearing organic 
compound is of value in the preliminary selec- 
tion of addition agents for use in lubricating 
oil. The film strength by this method is only 
one of many factors which must be considered 
in the choice. Actual service tests must de- 
termine the final selection of an addition agent. 
By carefully controlling the conditions of the 
test and by expressing the results in terms of 
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the Timken Index which is here developed, 
the effect of different molecular structures on 
the ability to improve the Timken film strength 
is compared. 


ALTERATION OF LUBRICATING OILS IN 
UsE AND THEIR REGENERATION (Zur Frage 
der Veranderung von Schmierolen in Gebrauch 
und ihrer Regenerierung).—H. Kamftner, 
published 1935, by Austrian Petroleum In- 
stitute, Vienna. 

This work contains a very extensive critical 
review of the literature on the alteration of 
lubricating oils during use, and their regenera- 
tion. In addition, the author has carried out 
some strictly controlled road tests with se- 
lected oils and extensively discusses the re- 
sults. The work will be of interest to oil 
technologists interested in the regeneration of 
used oils. 


Tests or HicH FILM STRENGTH MOTOR 
O1L.—T. C. Delbridge, announcement by the 
Atlantic Refining Co., 1936. 


The Atlantic Refining Co. reports the crea- 
tion of an ‘‘alloy oil’”’ which will stand 15,000 
pounds pressure per square inch, which is three 
times normal. In order to demonstrate its 
performance a five-months road test was made 
in which six stock automobiles, two Chevro- 
lets, two Fords and two Plymouths, were 
driven continuously over an 80 mile circuit in- 
cluding open roads, traffic through towns, a 
railroad crossing, rolling hills, traffic circles and 
normal travel arising from a week-end peak. 
The drivers, who worked in shifts, were of as- 
sorted ages and professions. The cars were 
kept continuously in motion, six days a week, 
during which time they were given ordinary 
maintenance and lubrication service. The 
test was continued until all cars had run 100,- 
000 miles each. Three of the cars required no 
repairs of any kind during the test, two re- 
quired new cylinder heads because of cracked 
water jackets and new propeller shafts on ac- 
count of mechanical failure. One required a 
new wheel ball bearing because of scoring due 
to road sand; two required valve grinding after 
50,000 miles. No crank case was removed 
from any car, nor was any maintenance given 
to cylinder wall, piston, piston ring, connecting 
rod bearing or main bearing. Oil consump- 
tion, one quart per 565 miles; gasoline con- 
sumption, 20.9 miles per gallon. Average 
cylinder wear, 0.0007 inch; average piston 
ring gap increase, 0.012 inch. 

The lubricating oil used in this test is a 
mineral oil produced by the company, to which 
is added one percent of a chlorinated ester of 
phosphoric acid. This addition increases the 
film strength, or ability to withstand pressure, 
by the astonishing amount of 200 percent. 


PRopANE, THE PERFECT FUEL.—A. Ludlow 
Clayden, before Am. Chem. Soc., Kansas City, 
April (1936). 

It is believed that propane is an ideal fuel for 
an I.C. engine because it stands very high 
compression, thereby giving good thermal 
efficiency; because it is perfectly clean burning, 
leaving no combustion chamber deposits; be- 
cause it can be distributed perfectly through a 
manifold, which is not true of any wet gas. 
Also if high power for weight of engine is very 
important, this should be attainable to a de- 
gree beyond that possible with any other fuels. 
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Recently a test was run on a C.F.R. engine 
on propane at a series of compression ratios 
taking indicator diagrams. Also power read- 
ings, comparing the output from the same 
C.F.R. engine with propane and gasoline. In 
cooperation with Jehle of the White Motor 
Co. tests have been run on a truck motor with 
different compressions, and this work checks 
pretty well with the C.F.R. 

The paper reviews these tests and discusses 
some of the special problems of designing 
equipment for propane and some of the sub- 
sidiary advantages and drawbacks. The fact 
that the exhaust is odorless is one very im- 
portant thing for some applications; the fact 
that the fuel can be used as a refrigerant is an- 
other. 


Petroleum Substitutes 


MfetuyL ALCOHOL IN Motor FvELs.— 
K. R. Dietrich and W. Lohrengel, in OEL UND 
KOHLE, vol. 12 (1936), No. 5, pp. 91-92. 


The recent German decree requiring the ad- 
mixture of 10 percent of methanol with ethyl 
alcohol for fuel purposes, and the compulsory 
use of 10 parts of this mixture with 90 parts of 
cracked gasoline has caused a little trouble to 
motor engine builders. Methanol corrodes 
the light aluminium-zinc-magnesium alloys, 
forming magnesium methylate; this action is 
more pronounced in a gasoline mixture than in 
the pure methanol. Iron and lead-coated iron 
are attacked, and even galvanized iron is 
stripped of its coating of zinc. The question 
of just what changes must be made in the 
composition of metal alloys used by the engine 
builders still awaits completion of further 
investigations. 


So-CALLED COLLOIDAL FUELS.—A. Man- 
ning and R. C. Acton Taylor, before Instn. 
Chem. Engineers, February 21, 1936. 


The term “colloidal fuels” is applied to sus- 
pensions of finely divided carbon in a heavy 
fuel oil. Such fuels first became of importance 
during the great war, when fuel oil was not 
especially abundant. Some use of these fuels 
was made by the British Navy, but after the 
war the idea was allowed to drop. It was 
taken up again in 1932, when the oil burning 
ship Scythia made a long voyage with a liquid 
fuel containing 40 percent of coal in suspen- 
sion. The stability of the mixture was ex- 
cellent, although the burners had to be cleaned 
more frequently. The oil used on this voyage 
was a cracking residue with a carbon residue 
of over five percent. 

In an experiment in Germany, successful 
use has been made of a coal tar with 45 percent 
of coal in suspension; the thermal efficiency was 
around 70 to 74 percent. It is claimed that 
oil mixtures with 50 percent of powdered coal 
that were stable for four months at the ordi- 
nary temperatures have been prepared. 

The stability of these colloidal fuels is the 
critical point; the suspended coal must not 
settle out. This property may be secured by 
various means, as by very fine grinding of the 
coal or the use of stabilizers or peptizing 
agents; better still is the choice of a fuel oil 
that naturally contains stabilizing agents. 
The coal should be ground so fine that 80 or 90 
percent will pass through a 200-mesh sieve. 
As a stabilizer, use may be made of 0.1 to 1 
percent of soap and heating the oil to 200 deg. 


C.; various other stabilizers, such as old rub- 
ber, wax, alkaline salts, etc. have been pro- 
posed. Heating the oil to stabilize the mix- 
ture should be avoided where possible as this 
operation adds to the expense. 

As regards the economics of the proposition, 
the colloidal fuel will generally cost less than 
fuel oil alone at current prices, unless the 
method of stabilization employed is expensive; 
hence oils that naturally contain stabilizing 
constituents will be preferred. For marine 
use the colloidal fuel has two points in its 
favor; the first is that per unit of volume the 
colloidal fuel has a higher calorific value than 
plain fuel oil. This is evident from the follow- 
ing table: 


Fuel Calories 
Coal alone 6,400 
Fuel oil alone 9.500 
Colloidal fuel 9.900 


The above figures are for a mixture of coal 
having a calorific value of 8,055 cal. and an oil 
with a calorific value of 10,550 cal., mixed in 
the proportion of 40 pounds coal to 60 pounds 
oil. The special advantage of this mixture for 
marine use is that it has a higher density (1.04 
than oil alone, and hence there is a saving in 
bunker space. 

In a larger social-economic view the matter 
is of interest as offering a means of easing the 
competition between the coal mining and the 
petroleum industries in so far as relates to 
heavy oil fuels. 


Give Om as A LuBRiIcANT.—Anon., in 
COURIER DES PETROLES, vol. 17 (1936), No. 
694, pp. 1-2. 

Following the line of action which is de- 
signed to benefit agriculture by all possible 
means, the French parliament has taken up a 
proposed law to make obligatory the admixture 
of a certain proportion of olive oil with all 
lubricating oils; the proportion specified is 20 
percent. As the average annual lubricating 
oil consumption (excluding reclaimed oil) is 
about 250,000 tons, this law would create a 
market for 50,000 tons of olive oil, which is 
greater than the quantity now available. A 
similar law has already been decreed by the 
government of French Tunisia, where the lube 
oil consumption is 6,000 tons a year. As a 
lubricant, olive oil is considered to be much 
inferior to mineral oil, and oil users are ex- 
pected to make vigorous protest. 


Petroleum Reserves 


STRATIGRAPHIC VS. STRUCTURAL ACCUMULA- 
TION.—A. I. Levorsen, before Am. Assoc. 
Petroleum Geologists, Tulsa, March, 1936. 

In this presidential address the author points 
out that petroleum geologists have achieved 
the confidence and trust of the oil industry 
almost entirely through their application of 
the anticlinal theory to the problem of oil dis- 
covery, and have attacked the business of 
locating anticlines, folds, and local deforma- 
tions most energetically. The development of 
methods for detecting structural irregularities 
has been marvelous; aerial photography, the 
torsion balance, and other equipment of geo- 
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physics have done wonders in locating and de- 
scribing anticlines, synclines, faults, domes, 
and other structural features even down to 
depths of 10,000 ft. As each method of struc- 
ture hunting was developed it provided a 
sufficient number of new fields for exploitation 
so that current needs for petroleum were met. 
But, as the author facetiously remarks, the 
explorer for oil is apparently approaching a 
real danger of an oversupply of geophysical 
methods and an undersupply of anticlines. 
The fact appears to be that the oil operators, 
executives, and managers of oil companies 
have been led to believe in the magic of the 
closed contour until it is quite generally ac- 
cepted that our future reserves are largely 
limited by the extent to which the geologists 
can find new domes and anticlines. ‘‘ But if 
we are to depend on folding alone, our future 
discoveries are indeed limited, for we are un- 
doubtedly running low on the supply of un- 
tested domes and anticlines.”’ 

If the supply of closed contours is giving out, 
where are we to find the 1,000,000,000 bbl. of 
oil per year which the United States will need 
for many years to come? The suggestion is 
made that less emphasis be placed by geolo- 
gists on structural oil traps and more emphasis 
on stratigraphic oil traps. A stratigraphic 
oil trap is provided by a wedging or pinching 
out of the sand or porous reservoir rock, or a 
lateral gradation of sand from shale to lime- 
stone, or an uplift, truncation and overlap, or 
some similar variation in the stratigraphic 
sequence. A good example is the East Texas 
field, where the eroded upper edge of a sand 
lens has been sealed by subsequent deposition 
of an impervious formation. It is a fact that 
over half of the oil production from 22 of the 
largest oil pools of the United States has come 
from such stratigraph oil traps, and that most 
of them were discovered more or less by 
accident. 

The implication is that the discovery of 
great pools like the East Texas pool is still 
possible. There is hardly a producing or non- 
producing district or state from Pennsylvania 
to California underlain by sedimentary rocks in 
which untested porosity wedges are not pres- 
ent, and in many places they can be shown 
to be on a scale equal to that of the East Texas 
area. The future of the oil supply now de- 
pends on how well these stratigraphic varia- 
tions are explored and exploited. 


East Texas: THE LARGEST OIL RESERVE. 
—B. Mills, in OIL WEEKLY, vol. 80 (1936), 
No. 10, pp. 17-25. 

The East Texas field was discovered in 
October, 1930. Early estimates placed the 
recoverable oil at 1,000,000,000 bbl., but rapid 
development that roughly outlined the pro- 
ducing limits of the field forced an upward 
revision that gave the petroleum industry a 
better idea of the economic importance of the 
discovery. Prior to completion of the first 
thousand wells, 2,000,000,000 bbl. was consid- 
ered a conservative ultimate recoverable figure, 
but rapid extension of the field on all sides 
forced the indicated total to 3,000,000,000 bbl. 
Very recently a reliable engineering report 
placed the ultimate recoverable oil at 4,000,- 
000,000 bbl., of which less than 25 percent has 
been produced. 

The amount of oil ultimately produced by 
the East Texas field will depend largely upon 
the manner of operation and the rate at which 
production is obtained. If the field is sensibly 
produced throughout its flowing life, an ulti- 
mate recovery of 4,000,000,000 bbl. is possible. 
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The time element must be considered, however, 
and from a short-range standpoint the 3,000,- 
000,000 bbl. ultimate may be used. 

As of January 1, 1936, the extent of the 
field has been estimated at 140,000 acres but 
more conservative figuring puts it at about 
129,000 acres. 


Mletuops or EsTIMATING UNDERGROUND 
OIL RESERVES.—V. Bilibin, preprint of 17th 
International Geological Congress, 1937; 24 
pages (in English). 

In this paper, which is to be presented to the 
International Geological Congress that meets 
in Russia in 1937, the author (chief petroleum 
geologist of the U.S.S.R.) proposes a method of 
estimating oil reserves. The scheme classifies 
oil reserves as Prepared, Explored, Visible, 
Supposed, and Possible, and suggests methods 
of estimating to be used in evaluating these 
various categories by curves and various other 
means. An interesting use is made of the 
theory of probability in determining the mag- 
nitudes of reserves. The author invites cor- 
respondence with oil geologists who are pre- 
paring reports or papers in this field. His 
address is Moscow, Cpetenka 8. 


Petroleum Economies 


Air TRAFFIC IN THE UNITED STATES.— 
Oskar Tokayer, in PETROLEUM PRESS SERVICE, 
vol. 3 (1936), No. 11, pp. 84-85. 

Figures published by the U. S. Department 
of Commerce show that there was a spectacular 
advance in air transport in the United States 
last year. Comparing 1935 with 1933 figures 
the actual mileage flown rose by only nine 
percent, but the number of passengers carried 
increased by 40 percent, and the quantity of 
freight (exclusive of mails) carried by air lines 
increased 100 percent. This is largely ex- 
plained by the increase in the size and capacity 
of the airplanes comprised in the fleets of lead- 
ing air transport companies. 

The express goods services of the American 
air transport companies are now operated in 
conjunction with the railway services. It is 
stated that, as a result of a recent unification 
of air transport services, the total mileage over 
which they are available has been extended by 
80 percent and such services now embrace 
215 airports in the United States, which are 
served by 500 transport planes owned by 22 
different air lines. 


General 


PRorEcTION OF IRON BY PHOSPHATIZING.— 
May, in OEL UND KOHLE, vol. 12 (1936), No. 12, 
p. 255. 

Attention is called to the growing use of 
phosphoric acid as a cleaning agent and rust 
preventive for iron or steel surfaces. Hereto- 
fore the objection to the use of mineral acids 
(such as hydrochloric or sulphuric acids) for 
removing rust and scale from iron preparatory 
to applying a protective coating of paint has 
been the difficulty of removing the last traces 


of the acid from the fine cracks or pores in the 
metal surface. These traces of acid remain to 
form soluble iron salts which pass into a 
spongy form (for example, iron sulphide) that 
later causes the paint to scale off. 

The use of phosphoric acid for pickling pur- 
poses avoids this difficulty. Being a compara- 
tively weak acid, phosphoric acid has little 
direct action on the iron but effectively loosens 
rust and scale, and when in contact with the 
metal forms a thin layer of insoluble iron phos- 
phate which is inert and rust proof. In this 
way it is said that the surface of iron containers 
may be prepared for painting without an ex- 
pensive, and often ineffective, mechanical 
treatment. 


TestING DECOLORIZING EARTHS IN REGARD 
TO THEIR SUSCEPTIBILITY TO ACTIVATION.— 
M. Krajeinovic and E. Cerkovnikov, in 
CHEMIKER ZEITUNG, vol. 59 (1935), p. 716. 


When a dry fullers’ or other adsorbing clay 
is mixed with oil of turpentine, there occurs an 
energetic exothermic reaction which can be 
used to compare the adsorptive activities of 
different clays and to predict their susceptibil- 
ity to activation by acid treatment. In 
applying this test, one gram of the clay is 
mixed with five grams of oil of turpentine in a 
well insulated tube, and the resulting rise in 
temperature measured. In some cases only 14 
gram of the clay is sufficient to raise the tur- 
pentine nearly to the boiling point. Small 
quantities of moisture in the clay decrease the 
thermal effect. The method is useful for 
purposes of comparison and also for ascertain- 
ing the optimum temperature at which the clay 
may be activated by heat. 


@iL SELF-SUFFICIENCY AND WAR.—Oskar 
Tokayer, in PETROL. PRESS SERVICE, vol. 3 
(1936), No. 3, pp. 17-18. 

It is pointed out that even if the League of 
Nations should succeed in putting an absolute 
embargo on oil shipments to Italy, the result 
would be nearly negligible so far as the world 
oil trade is concerned, as Italy’s oil require- 
ments, even at their highest war level, are less 
than one percent of world consumption. 

A matter of much greater importance for the 
oil industry is the effect which the whole 
sanctions controversy is having upon the 
motor fuel policy of non-producing countries, 
an effect which, unfortunately, is unlikely at 
this stage to be modified by any decision at 
Geneva. For the course of events has already 
led throughout the length and breadth of 
Europe to an almost hysterical demand, in the 
press and elsewhere, for a policy of self-suffi- 
ciency in regard to sources of war material. 
At no matter what cost, it is urged, the nation 
must not be faced, as Italy is, with an oil 
shortage in time of war. 

And yet the hopelessness of a policy of self- 
sufficiency as regards motor fuel is strikingly 
demonstrated by the example of Italy itself. 
Much effort has been expended to obtain 
motor fuel from home-produced materials, but 
the results have been practically negligible. 
Italy’s supply of substitute fuels would not 
carry the country through a fortnight, even if 
it were technically possible to run on such fuels. 
The same may be said of France, where the 
home produced motor fuel is utterly inade- 
quate for wartime requirements, and where 
there has been established, at enormous cost, a 
national refining industry which, apart from 
its uneconomic basis, would in wartime place 
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the country in no better position than if it 
depended on imported oil products. 

Germany, with its somewhat limited oil 
deposits, its wealth of coal and its production 
of benzole and alcohol, is considerably better 
off in the matter of substitute fuels than 
France or Italy. But even this partial Ger- 
man success has been obtained at enormous 
cost. The country is spending hundreds of 
millions of marks annually in manufacturing 
substitute fuels to cover half its requirements; 
that is, many times the amount required to 
pay for the entire imports of petroleum 
products. 

It is difficult to understand how military 
preparedness can be better served by costly 
schemes for the production of substitute fuels 
than by the building up of adequate stocks of 
imported oil products purchased at the most 
favorable moments—a process not only pos- 
sible and logical but also infinitely cheaper. 


MlosILE MILITARY LUBRICATING OIL RE- 
COVERY UNIT.—Felix K. Mauler, in PETRO- 
LEUM, vol. 32 (1936), No. 3, pp. 1-4. 


The author describes a plant for regenerat- 
ing used lubricating oil which can be mounted 
on a steam powered truck and moved from 
place to place. One use of such equipment is 
to serve motorized troops (tanks, trucks); the 
prospective supply of oil in Germany in war 
time being none too large, the strictest econo- 
my is to prevail even during hostilities. The 
traveling oil regenerating unit can burn any 
sort of fuel for steam raising purpose, and it 
will have plenty of steam for the refining 
process. 


ALUMINUM IN THE O1L INDUSTRY.—Anon., 
in OIL & GAS JOUR., vol. 34 (1936), No. 40, pp. 
42-44, 


Aluminum has many possibilities of use in 
the oil industry owing to the several demands 
this industry places on structural materials. 
Production equipment, particularly that which 
handles sour crudes, containing hydrogen 
sulfide, suffers a rapid turnover. The life of 
such equipment may often be prolonged by 
constructing it of aluminum. 

While aluminum resists salt water under 
some conditions, it is not so well suited to 
handle brines as they occur in crudes fresh from 
the well. Hence aluminum is not as a rule 
used in drilling equipment. 

A different situation prevails in flow tanks, 
lease tanks and storage tanks. The brine does 
not change much in character except for be- 
coming more aerated, but it does settle to the 
bottom of the tank. Aluminum may be used 
in the sides and roof of the tank to take ad- 
vantage of its high resistance to hydrogen 
sulfide. Not only will the life of the aluminum 
parts be longer, but so will that of the steel 
bottom. If the upper part of the tank is 
aluminum no sulfides are formed, and the 
corrosion of the steel bottom is no longer 
accelerated by electrolytic action. 

Aluminum has been used not only for the 
sheet parts of the tanks but for the ladders, 
manhole rings, cast fittings, and thief hole 
covers. Aluminum sheet has also been used as 
a sheathing for wooden tank roofs. 

Incorporating aluminum to the fullest prac- 
ticable extent in the tank structure will con- 
siderably increase the initial cost, but the life 
of the tank will often be increased in an even 
greater proportion. When this is the case, the 
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economy of aluminum construction is readily 
apparent. 

When the oil reaches the refinery corrosion 
problems are less severe, except when sour 
crudes are being handled. In such cases, 
aluminum has been used to advantage in heat 
exchangers, gas lines handling corrosive gases, 
absorbers, condensers, bubble towers and 
bubble caps. Experience with cast aluminum 
bubble caps has shown that if they are of the 
proper composition and quality they will last 
much longer than other caps in certain types of 
service. Other refinery uses include tank 
breathers, flame arrestors, and floats and 
chains for tank gauges. 

The light weight of aluminum plays an 
important part in such applications as portable 
lease buildings and small portable houses for 
survey and exploration. The high electrical 
conductivity per unit weight of aluminum 
cable, steel reinforced, accounts for its exten- 
sive use in telephone lines operated in conjunc- 
tion with pipelines. The light weight of 
aluminum is the principal reason for its use in 
gasoline tank trucks, and to a more limited 
extent in tank cars. Aluminum has a quality 
which makes for safety around gasoline—it 
will not throw sparks when struck. 

A great deal of aluminum has been used in 
the form of foil for coating various types of 
tanks. Since the foil reflects the sun’s rays, 
the accumulation of heat during the day is 
reduced. Also, the bright metallic surface has 
the property of emitting heat by radiation at 
an unusually low rate. Hence the contents of 
the tank do not cool off much at night. This 
means that there will be less breathing in a 
foiled tank and less loss by evaporation. The 
foil also prevents corrosion to a considerable 
extent and in this respect provides some of the 
advantages of all-aluminum construction at 
low initial cost. 


Aleohol-Gasoline 
Fuel 


ALCOHOL GASOLINE IN Motor FUEL.— 
Gustav Egloff and J. C. Morrell, before Am. 
Chem. Soc., Kansas City, April (1936). 


Alcohol-gasoline is a distinctly inferior mo- 
tor fuel in performance, consumption, and up- 
keep of motor. Difficult starting, slow accel- 
eration, overheating of engines, and rougher 
driving can be expected. Increased mainte- 
nance cost will result from cylinder and valve 
wear, all-around corrosion, plugging fuel lines, 
and dissolving of car varnish. Higher anti- 
knock properties result from blends. In- 
creased fuel consumption will be 60 percent of 
the volume of added alcohol. Economically, 
blending can result only in economic loss to 
society, and additional unestimated losses will 
result to the country at large from the political, 
moral, and health hazards. 


Tue PERFORMANCE OF ENGINES WITH 
GASOLINE AND ALCOHOL AS FUELS.—L. C. 
Lichty and E. J. Ziurys, before Am. Chem. 
Soc., Kansas City, April (1936). 

This paper deals with the power, fuel con- 
sumption, and other performance character- 
istics of internal combustion engines when 
using gasoline and ethyl alcohol as fuels. 
Theoretical analysis shows ideal possibilities 


ranging from 2.0 percent increase in power with 
gasoline compared to pure alcohol, to 8.6 per- 
cent increase with pure alcohol compared to 
gasoline, depending upon mixture conditions. 

The water in 190 proof ethyl alcohol is 
shown to have negligible effect on power and 
fuel comsumption. 

Tests on a variable compression single- 
cylinder C.F.R. engine and on a 1935 Chevro- 
let engine under various conditions show a 
small average increase in power (not much 
more than experimental error involved) in 
favor of the 190 proof alcohol. However, the 
specific fuel consumption with 190 proof alco- 
hol is about 60 percent higher on a weight basis, 
and about 50 percent higher on a volume basis 
than with gasoline. 


ALCOHOL-GASOLINE BLENDS.—Leo M. 
Christensen, before Am. Chem. Soc., Kansas 
City, April (1936). 

During the past fifteen years there has been 
a very rapid expansion in the use of alcohols in 
motor fuel. Ethanol is most commonly used 
but methanol, isopropanol, and isobutanol 
have also been studied and to a small extent 
have been commercially employed, particu- 
larly in the formulation of racing fuels. Etha- 
nol-gasoline blends containing 5 to 25 percent 
of anhydrous ethanol by volume are the fuels 
most commonly used. These blends are used 
interchangeably with gasoline of equal anti- 
knock value and have found favor among con- 
sumers. The economic status of ethanol used 
in these blends is established by its antiknock 
value and other favorable properties rather 
than by its value as a fuel alone. In many 
countries the economic analysis must also give 
consideration to the importance of power alco- 
hol to agriculture and labor, its bearing upon 
national self-sufficiency, its relation to dwin- 
dling petroleum supplies and other national 
economic and sociological problems. There 
are no technical obstacles in the way of a large 
power alcohol development in the United 
States and there is little doubt that such a pro- 
gram will develop. There are, however, 
problems in the establishment of adequate 
acreages of suitable crops and others of similar 
nature which will have to be worked out during 
the first stages of the development of a power 
alcohol industry. 


Tue UTILIzATION oF ETHYL ALCOHOL- 
GASOLINE BLENDS AS MOTOR FUELS.—Oscar 
C. Bridgeman, before Am. Chem. Soc., Kansas 
City, April (1936). 

Technical aspects of blending alcohol and 
gasoline are discussed. In general no signifi- 
cant change in mileage occurs with 10 percent 
or less of alcohol. With 30 to 40 percent there 
is increased fuel consumption. With un- 
changed carburetor setting alcohol blends re- 
sult in loss of acceleration. With 10 percent 
alcohol blend, acceleration can be retained by 
readjusting carburetor, increasing fuel oil con- 
sumption about four percent. 

Depending on the properties of the gasoline, 
10 percent alcohol increases octane number 
from two to ten units, but increases volatility 
to an extent that in hot weather the butane 
content of gasoline would have to be decreased 
about two percent. Alcohol with a slight 
amount of water will blend in summertime but 
not in winter. Condensation of water from 
air might produce separation of alcohol in an 
automobile tank. This is the most serious 
problem in handling alcohol. 
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Petroleum Books | 


The Accounts of an Oil 
Company 

By H. G. Humphreys 

e@ Great changes have taken place in the 
methods of extraction and refining, and 
there has been a concomitant change in 
the methods of accounting. A compre- 
hensive and modern discussion of the 
fundamental problems. 136 pp. 6 x 9 with 
no err ee $2.00 


Field Geology 
By Frederic H. Lahee 


@ This well-known field manual has been 
thoroughly revised to keep pace with the 
latest methods of geological exploration 
and mapping, particularly those methods 
that have been developed to meet the 
needs of the petroleum industry. Third 
edition 789 pages, pocket-size flexible, 538 
IN ao 6-4 ec csaicvnneseses $5.00 
Petroleum in the United States 
and Possessions 


By Ralph Arnold and 

Wm. J. Kemnitzer 

e@ All of the salient data of petroleum from 

the beginning of the industry to the present 

time. The history, development, and future 

———— of petroleum in the United 
tates and Possessions. Over 1,000 pp. 

37 Charts, 91 Full-page tables... ... $6.00 


Valuation of Oil and Gas Lands 
By Robt. W. Brown 


e A guide in the commercial valuation for 
sale or purchase, merger, capitalization 
and engineering procedure and valuable 
for taxation purposes under the Federal 
Income Tax Law. It shows by concrete 
examples how the various factors affect 
value and how these factors must be 
handled in valuation. 215 pp. 6 x 9. 38 
PE i cctsccassesccsereaee $3.00 


Oil Economics 

By Campbell Osborn 

e@ Gives practical methods of studying 

values and forecasting prices. Products 

allied to petroleum products, such as 

natural-gas and natural-gas gasoline, are 

also included in this helpful discussion of 

oil economics. 401 pp. 5 x 8. Illustrated. 
$4.00 

Geology of Petroleum 

By Wm. Harvey Emmons 

@A textbook and manual of the geology 

and deposits of oil-bearing areas. Essen- 

tially all of the world’s oil fields are cov- 

ered. 435 illustrations, cross sections and 


Index maps. Second Edition. 736 . 
Dei hiss cecensesseensasiseesn soo 


Shale Oil 

By Ralph H. McKee 

e@ Aided by several collaborators, Dr. 
McKee has brought together such informa- 
tion as will give the reader a correct view 
of the shale oil industry and the lines along 
which future development may be ex- 
pected. 326 pp. Illustrated......... $4.50 


Chemical Refining of 
Petroleum 

By V. Kalichevsky and B. Stagner 
e@A single volume presenting a compre- 
hensive and poestienh discussion of the use 
and effects of the various chemicals and 
reagents in refining and modifying pe- 
troleum and its products. 448 pp. ‘illus. 
KS 6E Sete SS es wkeseceevessod $7.00 


The Oil Encyclopedia 
By Marcel Mitzakis 


e A reference book for petroleum technol- 
ogists, oil companies, engineers, financiers 


and investors. 551 pp. 6 x 9. Cloth. . $6.00 


Oil Fields in the United States 
By Walter A. Ver Wiebe 

e All the known facts regarding the rela- 
tion between structure and production, the 
producing horizons, the stratigraphy, the 
tectonic elements, the major and minor 
structures, and the production by districts 
and provinces in the United States. 620 
pp- 6 x 9. 230 Illustrations........ $6.00 


Diesel Engine Design 

By Harold F. Shepherd 

e@ The only book in the English language 
which treats completely the design of all 
parts of the fuel injection apparatus and 
combustion chambers in Diesel engines. 
| PTET Tere Teer Tere ee $3.50 


Petroleum Resources of the 

World 

By Valentine R. Garfias 

e Fully illustrated with maps, showing 
roducing fields and petroleum indications 

in the various countries of the world. 243 

0 PTE ee rer errr e $3.00 


Oil Well Drilling Methods 

By Victor Ziegler 

eA brief description and explanation of 
the tools and methods used in drilling oil 
wells, intended to serve as an introduction 
to this subject. 257 pp. Cloth...... $3.00 


Procedure Handbook of Are 
Welding Design and Practice 

@ The most valuable work of its kind ever 
published. Recognized everywhere as the 
authority on electric welding. Used by 
prominent engineering schools and thou- 
sands of industrial plants in the U. S. and 
foreign countries. New edition contains 
complete and accurate data on all latest arc 
welding applications and design procedures 
—everything you need to know for most 
efficient use of arc welding. 586 pp. Over 
700 illustrations, including 143 pages of 
important new data. Printed on fine paper 
with semi-flexible binding of simulated 
leather, gold embossed; size 6 x 9 in. 
aie alte vines aawe uals $1.50 
ere Tree $2.00 


World Petroleum Directory 


e An annual directory of active operating 
oil companies of the world, showing execu- 
tive personnel, capital structure and divi- 


dend records, extent and location of 
properties, subsidiary companies, etc. 
PP a cacecsatoukennae en $10.00 


Principles of Motor Fuel 
Preparation and Application 
By Alfred W. Nash and D. A. Howes 
e Vol. I deals with the production of motor 
fuels by methods of distillation, cracking, 
extraction from natural gas and hydro- 
genation. It also contains chapters con- 
cerning the production of there 59 various 
synthetic fuels, including alcohols, and 
general storage and distribution. Vol. I. 
rer Peer $8.00 
e Vol. II deals with the properties of motor 
fuels and covers such subjects as analysis, 
sulphur contents, gumming properties, 
volatility requirements and knock ratings, 
as well as motor fuel and aviation spirit 
apecifications and a chapter on automotive 
iesel engines and Diesel fuels. Vol. ITI. 
| er er etre rrr rr $8.00 


The Chemistry of Petroleum 
Derivatives 
By Carleton Ellis 


e@ A comprehensive work, encyclopedic in 
scope, which offers a source for up-to-date 
information for the organic chemists and 
technologists in the petroleum and related 
industries as well as all concerned with the 
development and utilization of natural 
gas and petroleum and their chemical 
derivatives. 50 chaps. 1285 pp. IIlus- 
MDGs os sc tcicccereccessvcaeens $18.00 


Handbook of Butane-Propane 
Gases 
@ ConTENTs: Summary of two years’ de- 
velopments; Use in Internal Combustion 
Engines; Design and _ Installation of 
Storage; Supply from Petroleum Refin- 
eries; Engineering and Utilization; Eco- 
nomic Comparisons with Coal, Oil, Elec- 
tricity, Producer Gas, Mfg. Gas; Special 
Uses; Volume Correction Factors; Sup- 
ae and Revisions; Transportation; 
se with Other Gases; Analysis and Test- 
ing; Properties of Mixtures; Bottled Gas 
Distribution; Bibliography; Central Plant 
Directory; Catalogue Section. Second 
Edition 
Petroleum World Annual 
Review 
@ A detailed compilation of all significant 
statistics of the California oil industry, 
including production, refining and sales 
figures. 1935 Edition.............. $2.00 
Petroleum Engineering 
Handbook 


e@ A handbook of processes, methods and 
practices in use in the various oil fields and 
refineries in the United States. Vols. I and 


See BOO OO Wiles ce wcscccvescveen $5.00 
Who’s Who in Commerce and 
Industry 


e@ A combined business “Who's Who” and 
corporation directory; 6,516 biographies, 
1,445 corporations; both sections contain 
1200 pages. . . .$15.00 complete. 


If any book you desire is not listed above, send us your order and remittance and we will obtain same for you 


WORLD PETROLEUM, Book Dept. 
56 West 45th Street, New York, N. Y. 


Enclosed find $ Cheek 


Money Order 
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AXN EVENT of more than passing interest to 
all those concerned with the Mexican oil indus- 
try was the announcement April 20 of the 
settlement of the long pending suit between 
the Compafiia Petrolera Commercial and 
Compafiia Mexicana de Petroleo “‘ El] Aguila,” 
more familiarly known as the Mexican Eagle. 
The controversy involved ownership in the 
petroleum tract Amaztlan No. 113 in the 
State of Vera Cruz. The property is in an area 
that has been a heavy producer and has been 
operated by ‘“‘El] Aguila,’’ a member of the 
Royal Dutch-Shell Group, for many years. 
The dispute concerned the legality of the title 
by which the company originally acquired the 
property. 

The original plaintiffs in the case passed out 
of the picture long ago, their potential rights 
having been taken over by the Compaiiia 
Petrolera Commercial, organized by promi- 
nent Mexicans who had close relations with 
the government. By reason of this fact and 
because of events connected with successive 
court actions the case assumed much more 
interest than an ordinary lawsuit over a land 
title. It almost became an international inci- 
dent last year when the Mexican Eagle was 
ordered to deposit in Mexico City $10,000,000 
in gold as a guarantee of payment in the event 
that the case was decided against them. 

The present settlement was reached through 
purchase by Mexican Eagle of the entire prop- 
erties and rights of the Compafiia Petrolera 
Commercial for a sum said to be 12,000,000 
pesos. Representatives of the purchasing 
company assert that they had a very strong 
case and had no fear of submitting it to an 
impartial tribunal but it was considered a good 
tactical move to arrive at a settlement in order 
to clear the situation and to pave the way for 
a more favorable attitude on the part of public 
officials. General opinion here is that the 
amicable adjustment of the case is in itself evi- 
dence of a less hostile attitude toward the 
larger oil companies on the part of the gov- 
ernment and to that extent represents an im- 
provement in the situation. While the gov- 
ernment was not directly a part to the suit, 
the existence of the claim undoubtedly prej- 
udiced relations between the company and the 
authorities. 

Against this one constructive development 
to which too great importance is not to be 
attached must be set the fact that labor dis- 
turbances still continue and apparently are 
being fomented by communist agitators who 
are more intent on making trouble than on 
obtaining fair treatment for the workers. A 
case in point is the strike against the Huasteca 
Petroleum Company and the demand for a 
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raise in wages amounting to over 200 percent 
in the face of an increase of 30 percent granted 
last year and an offer of an additional 10 per- 
cent, and despite the fact that the price of 
gasoline has been reduced two centavos per 
gallon by order of the government, thereby 
reducing the ability of the company to pay. 

Almost at the same time with the settlement 
of the Mexican Eagle case it was announced 
that the company had brought in a new well in 
the rich Poza Rica field in Vera Cruz. The 
well, which is known as Poza Rica 13, is re- 
ported producing 3,145 bbl. daily at a depth 
of 7,503 ft. This is the company’s tenth pro- 
ducing well in the field which is mainly under 
its exclusive control and which it began de- 
veloping three years ago. 

An injunction granted by the federal 
supreme court in a case concerning the Inter- 
national Petroleum Co. against a Ministry of 
National Economy ruling is seen as a precedent 
regarding procedure in taking over lands and 
incorporating them in the national oil reserves. 

Some years ago, the company asked the 
Ministry for confirmation of rights to the 
Herradura and La Canoa petroleum tracts in 
the Panuco zone, Vera Cruz, rights which it 
asserted it enjoyed by lease from the owner, 
Saturnino Vifias, prior to the new federal con- 
stitution of 1917. The Ministry granted the 
company a concession to exploit and explore 
the lands for 50 years, with the right to extend 
the franchise at the end of that term. At the 
same time it confirmed the owner’s rights to 
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Tue Standard Oil Company of British 
Columbia, backed financially by its parent 
company, the Standard Oil Company of 
California, is considering the construction of a 
refinery in Saskatchewan to supply its own 
needs. The company already has bulk sales 
branches at Saskatoon and Edmonton. It 
entered the British Columbia field compara- 
tively recently, and within a very short time 


the property and stipulated that if for any 
reason the company ceased working the 
tracts, property would revert to the owner for 
exploitation during the unexpired period of the 
company’s concession. The company, it is 
asserted, ceased operating the property with- 
out advising the owner. Ministry, claimants 
charged, declared the property free and in- 
corporated it in the national oil reserves. 

Heirs of Vifias obtained an injunction 
against the action from a lower court. Min- 
istry carried the case to the supreme court, 
contending that the heirs had lost their rights 
to the subsoil of the land. Upholding the 
lower court, the high tribunal ruled that while 
the amended petroleum laws only allow bene- 
fits to owners of concessions or franchises, th’s 
action applies only to matters arising after the 
enactment of the amendments; not to cases 
that arose prior to the amendments. There- 
fore, the court held, Vifias’ heirs have rights to 
the oil lands and they cannot be incorporated 
in the national reserves. 

The gasoline consumption tax yielded 
5,293,723.27 pesos (about $1,450,000, U. S.) 
during the first two months of this year as 
compared with $3,591,375.93 pesos in the 
corresponding period of 1935, announces 
the Ministry of Communications and Public 
Works. Increase is attributed to greater high- 
way motor traffic. More money from this 
source has enabled Mexico to expand greatly 
her road network, the Ministry says. 

The Ministry of Finance announces the 
organization in Mexico City of two new 
petroleum companies. One is Compaiiia 
Mexicana de Petroleo Laguna with a capital of 
1,000,000 pesos, composed of 20,000 shares 
worth 50 pesos each. This company has a 
five-year concession to exploit and explore 
petroleum lands and obtain and market oil and 
its by-products. The other enterprise is 
Compafiia Mexicana de Petroleo Peco-Mex, 
with a capital 100,000 pesos made up of 1,000 
shares valued at 100 pesos each. Its 30-year 
concession provides for buying and selling 
petroleum lands and oil products. 

DOUGLAS GRAHAME 


ADA 


gained control of seven percent of the oil 
business. 

Nead Oil Refineries, Limited, of Toronto, 
Ontario, have made plans for the erection of a 
crude oil refinery at Owen Sound, Ontario. 
Work is to be started very shortly, although 
actually the refinery will not operate until next 
winter. The refinery will consist of a cracking 
unit with a capacity of 1,000 bbl. a day, aux- 
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The KENT ‘< Interchangeable orifice’ 


The illustration shows the Kent Interchangeable Orifice installed in low pressure 


gas lines and, inset in the circle, an illustration showing the ease with which the 
orifice is changed. 


This interchangeability means that flows whose magnitude varies outside the region 
of desirable registration of the meter may nevertheless be accurately recorded by 
changing the orifice ratio. This device is of particular value in oilfields. 


George Kent Ltd. supply meters for accurate measurement of the flow of steam, 
water, gas, air, oil or any other fluid, whatever the quantity or pressure; also 


equipment for controlling flow temperature, pressure and level, and for the 
automatic control of boilers. 


Kent’s have made meters for fifty years and were the original British makers of the 
Venturi Meter as well as the pioneers of flow measurement by the orifice method. 


Their works at Luton employ over 1,000 men on the design and production of 
meters and controllers. 


GEORGE KENT LTD., LUTON, BEDFORDSHIRE. LONDON OFFICE : 200, HIGH HOLBORN, W.C.! 

Penang: P.O. Box 321. Agents :—Melbourne: Messrs. Davies Shephard Pty., Ltd., Clarke Street. 

Montreal: Drummond McCall & Co., Ltd., P.O. Box 660. Port of Spain, Trinidad, B.W.I. Tokyo: 

T. Nakanishi, P.O. Box 424. Rotterdam, Holland: Wm. C. Grootenhuis, P.O. Box 388. Buenos Aires, 
Argentine : Evans Thornton & Co., 465, Calle de Fensa. 





CTAGT GLAD EE 


paaees 





Some Kent Products for 
the Oil Industry 


Crude Oil Meters. 
Orifice Gas Meters. 


Instruments for Deep Well 
Temperatures and 
Pressures. 


Meters for Refineries. 
Temperature Controllers. 
Pressure Controllers. 

Flow Controllers. 

Liquid Level Controllers. 
Pressure Regulating Valves. 
Specific Gravity Recorders. 


Temperature and Pressure 
Recorders. 


Meters for Distribution. 


Steam, Air and Water 
Meters. 
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iliary equipment, and a coking unit. Gasoline 
will be produced, as well as coke and also a 
small quantity of fuel oil, in the following 
estimated annual amounts: gasoline, 2,500,000 
gallons; oil coke, 6,000 tons; and fuel oil as 
required locally. 

The balance sheet of Hargal Oils Limited, 
Alberta, shows current assets of $52,119, which 
includes investment in Royalite, Renfrew 
Royalty Company, and Butte I. X. L. at cost. 
Current liabilities are $48. Production opera- 
tions of this company during the year under 
review were not spectacular, but non-operating 
income showed an improvement over last 
year. This was due mainly to profit on the 
sale of securities. 

The annual report of North Star Oil Limited 
showed the net profit of the company in 1935 
to be $103,873, which compared favorably with 
1934’s figure of $86,274. The company has 
200,000 common shares outstanding as well 
as 200,000 shares of preferred. 

Homestead Oil & Gas Limited are endeavor- 
ing to make arrangements for the marketing of 
gas from their well in the Bristol Valley field in 
New York state. The company holds 5,900 
acres in the vicinity of the well. 

Ambitious plans are being put into effect to 
explore potential gas and oil areas in the Turner 
Valley this year. Arca Development Com- 
pany announced that an important test is to be 
spudded west of High River; another well is to 
be spudded in near the old Wabash test, west 
of Calgary; and the Northwest Company is 
going to spud in several wells on the Jumping 
Pound structure. Altoba Gas Company, af- 
filiated with Canadian Western, Natural Gas, 
Light, Heat & Power Company, is planning to 
develop a new gas field. 


Imports 


WDurine the month of February, 1936, 
crude petroleum imports into Canada amounted 
to 39,654,916 gallons, valued at $1,185,468. 
This compared with 61,131,349 gallons in 
January, 1936, and with 53,576,228 gallons in 
February of last year. 

Gasoline imports amounted to 767,157 gal- 
lons, valued at $64,411, which compared with 
1,041,100 gallons for January, 1936, and 716,- 
952 gallons for February last year. 

R. C. ROWE 


Tretolite Patents Held Valid 


In a suit filed in Los Angeles by the Tretolite 
Company and the Tretolite Company of 
California, Ltd., two patents, involving pro- 
cesses for treating petroleum emulsions, were 
declared valid. California Production Co. 
was held to have infringed one of the patents 
by using a chemical, ‘‘ Hydrate 488,” for this 
purpose. The report of the special master 
recommended that the Federal District Court 
issue an injunction restraining the defendants 
and that an accounting of profits and damages 
be had. 
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Daily 
Crude Oil Runs to Motor Fuel Imports 


Total California 


Shipments 











Production Stills Stocks for Week East for Week 

bbl. bbl. bbl. bbl. bbl. 

Week ending March 21....... 2,859,000 2,815,000 73,157,000 870,0002 312,000 
456,000! 

Week ending March 28....... 2,896,500 2,765,000 73,012,000 1,026,0002 186,000 
458,500! 

Week ending April 4......... 2,884,500 2,690,000 73,871,000 801.0002 73,000 
457,000 

Week ending April 11........ 2,902,000 2,755,000 73.654.000 1,468,0007 77,000 
450,000! 


Week ending April 18 


451,500! 


2,946,000 2,795,000 


1,033 0002 


none 
en 


Underlined figures indicate improvement in statistical position—decrease in produc- 
tion, runs to stills, gasoline stock and imports. 

1 Estimated total production of the East Texas field, official and unreported. 

2 Import figures include all oil imported, for domestic use and in bond for re-export, it 
being impossible to make the separation in weekly statistics. 


Huge Seasonable Demand 
Necessary to Maintain Prices 


Drive the past month prices for petro- 
leum and its products were fairly well main- 
tained, but the accumulation of huge stocks of 
gasoline during the past winter made the price 
structure fundamentally weak and dependent 
upon the realization of hopes of refiners and 
marketers for a large increase in demand dur- 
ing the coming motoring season. It is gen- 
erally conceded that there will be a major in- 
crease in motor fuel demand during the next 
few months, and that consequently accumu- 
lated stocks probably will be reduced, but the 
danger of the situation is that in the fall it will 
be impossible to reduce production to the 
economic levels which will be demanded at 
that time and that, accordingly, the price 
structure will be weakened. Anticipation of 
lower prices in the fall and winter will neces- 
sarily hold down any serious advance that 
might be justified during the coming summer. 
In fact, it is generally realized that it will be 
extremely difficult to reduce crude oil produc- 
tion and refinery runs in the fall and, there- 
fore, the effect of that factor on the market 
must be necessarily considered in predicting 
crude oil and gasoline prices for the coming 
summer and fall seasons. In consideration of 
this, a crude oil price advance at this time or 
later in the spring is almost out of question. 
Similarly, any appreciable advance in gasoline 
prices is unlikely. It is unfortunate that un- 
warranted production and runs to stills took 
place during the past few months, because 
otherwise producers, refiners and marketers 
could have really benefited from the un- 


doubtedly forthcoming huge demand of this 
summer. 

Motor fuel prices remained virtually un- 
changed during the past month, though some 
weakness has been periodically apparent in 
this product. Natural gasoline declined 4 of 
a cent per gallon in North Texas, but its price 
was maintained elsewhere. Kerosene quota- 
tions improved somewhat in the farming 
areas, but declined in the East. In the oil 
fields, Rodessa continued to be the primary 
disturbing influence, the state of Louisiana 
producing 50,000 bbl. per day in excess of the 
recommendations of the U. S. Bureau of 
Mines, while United States as a whole was 
producing, in the middle of April, some 150,000 
bbl. per day in excess of the above economic 
quota. 

During April retail prices throughout the 
United States improved slightly, while on the 
Pacific Coast a major upward readjustment 
took place during the first two weeks of the 
month. Tank wagon/service station motor 
fuel prices per gallon, regular grade, including 
all taxes, in representative districts at the end 
of April, were: 14.2/19.2 cents in metropolitan 
New York; 14.3/17.8 cents in Newark, N. J.; 
12.5/16.0 cents in Boston, Mass. (off 0.5/0.5 
cents per gallon); 12.0/15.5 cents in Provi- 
dence, R. I.; 15.0/17.0 cents in Chicago (up 
0.5/0.5 cents per gallon); 17.5/19.5 cents in 
Ohio; 17.0/18.0 cents in San Francisco (up 
4.5/4.5 cents per gallon); 16.5/17.5 cents in 
Los Angeles (up 4.0/4.0 cents per gallon), with 
third grade gasoline selling at 15.0 cents; 
15.0/19.0 cents in Oklahoma; 14.0/18.0 cents 
in Dallas and Fort Worth (up 1.0/1.0 cents per 
gallon); and 14.0/18.0 cents in Houston, with 
third grade gasoline in East Texas area selling 
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Industrial ovens: 
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unchanged at 12 cents to 13 cents per gallon at 
independent service stations; 15.7/17.7 cents 
in St. Louis; and 19.5/22.0 cents in Montreal, 
Canada; all with a 2-cent differential for the 
premium grade. The retail prices in the state 
of Texas improved considerably with the 
elimination of untendered gasoline in the Gulf 
Coastal area, where the Railroad Commission 
clamped down on a number of hot oil producers. 

Refinery gasoline quotations in the Mid- 
Continent area remained unchanged, though 
the undertone was appreciably weaker during 
April. Refinery gasoline was quoted on April 
20 at 5-54 cents per gallon for 58-60 U.S. M. 
grade, 62.9 and below octane rating in Group 
3, Oklahoma market; 63.0-67.9 octane rating, 
U.S. M., regular grade, was quoted at 534-5% 
cents per gallon; while 68 and above octane 
rating, U.S. M., was quoted at 6-614 cents per 
gallon. East Texas refinery markets continued 
unchanged during the past month, the third 
grade refinery gasoline eligible for interstate 


Effect of Bureau of Mines Recommendations in Principal Oil-Producing States 


(in thousands 


March 1936 
Percent of Bureau 
Total Total U. S. 

Production Production Quota 

| er 34,840 39.5 34,220 
California......... 17,560 19.9 16,720 
Oklahoma......... 15,990 16.7 15,700 
Louisiana.......... 6,160 7.0 4,690 
ee 4,610 5.2 4,400 

Total 

United States...... 88,072 100.0 81,800 


tenders being quoted on April 20 at 5 cents per 
gallon, while the gasoline restricted to intra- 
state commerce could be purchased for around 
4 cents per gallon. On the East coast at 
Bayonne, U. S. M. grade, 60.0—-64.9 octane 
rating gasoline continued unchanged during 
April at 634 cents per gallon (3.99 cents gold*). 
Gulf Coast quotations for export remained un- 


Gulf Export Prices for Major Oil Products 


Products 


U. S. Motor 
64/66-375 E.P...... 
59 Octane & beiow 


Gasoline: 


65 Octane & above.............. . 


Aviation Gasoline: 73 Octane & above 


Kerosene: eee ee ee ey Te re eee ee 
41-43 w.w...... 
41-43 p.w....... 

Gasoil: 26-30 translucent. 
30 plus translucent 

Fuel oil: Geade C Bamber Gpoe tbh.). . ...... 0c ccccccccncees 


Cargo lots (per bbl.) 
Diesel oil (per bbl.) 


Lubricating Oil: 
(New York Export 
Market) 


Bright Stock No.8..... 
Bright Stock No. 6142. 
CO) eee ; 
600 Unfiltered 

650 Unfiltered 

600 Flash s.r... . 

650 Flash s.r. 

Neutral 200 No. 3 
Neutral 150 No. 342............ 
So. Texas: 


Crude Oil: 


Cents per Gallon 


Mar. 25 Apr. 1 Apr.8 Apr. 15 
errr 5% 54 5% 5% 
ie aw as 6 6 6 5% 
5% 5Y 55% 55% 
6% 6% 64% 6% 
10 10 10 10 
4, 4% 4%, 4% 
3% 3% 3% 3% 
3% 3% 3% 3¥% 
3Y% 3% 3% 3% 
Genie 3% 3% 3% 3% 
$ .90 $ .90 $ .90 $ .90 
ee 3 .80 $ .80 $ .80 $ .80 
$1.50 $1.50 $1.50 $1.50 
26 26 26 26 
2514 2514 2514 251% 
2012 2012 2012 20% 
17 17 18 184%, 
1812 182 19 191, 
1914 1914 20 20% 
2414 2412 2312 24 
27% 27% 27 27 
23 23 23 23 
7% 71% ™% ™% 
9 9 9 9 
912 914 9% 9% 
7% 7% 1%, 7% 
ee 9 9 9 9 
914 94 9% 9% 


of Mines Overpro- Mines Daily 


of barrels) 


April 1936 
Bureau of Daily Average Pro- 


duction Week Ending 


duction Quota Apr. 4 Apr. 11 Apr. 18 
620 1,123 1,137 1,140 1,155 
840 553 562 574 574 
290 525 528 550 570 

1,470 161 213 202 211 
210 146 152 149 148 
3,272 2,797 2,885 2,902 2,946 


changed during April and on the 20th of the 
month, grade 58-60 U. S. M. was quoted at 
536-514 cents per gallon (3.2 cents gold*). 

Natural gasoline quotations were main- 
tained during April in Oklahoma and Louisi- 
ana, but declined 14 cent per gallon in North 
Texas, with the probability that the Texas cut 
will be extended to other areas. On April 20 
grade 26-70 was quoted at 3-3'% cents per 
gallon (1.80 cents gold*) in Oklahoma; at 234 
cents per gallon (1.62 cents gold*) in North 
Texas; and at 33 cents per gallon (1.98 cents 
gold*) in North Louisiana. 

Kerosene quotations advanced 14 of a cent 
per gallon during the past month in the South- 
west, because of the spring farm demand, but 
declined in the East. On April 20 grade 41-43 
W.w. was quoted at 434-45 cents per gallon in 
Group 3, Oklahoma market; and at 4% cents 
per gallon (2.88 cents gold*) on the East coast 
at Bayonne. Gulf Coast prices for export re- 
mained unchanged, and on April 20 kerosene 
was quoted at 3% cents per gallon (2.92 cents 
gold*) for 41-43 p.w. grade, and at 4 cents per 
gallon (2.36 cents gold*) for 41-43 w.w. grade. 

Fuel oil and furnace oil continued firm dur- 
ing the past month and on April 20 No. 1 p.w. 
grade furnace oil was quoted at 3 74-4 cents per 
gallon and U.G.I. grade gas oil was quoted at 
214-25% cents per gallon, all in Group 3, Okla- 
homa market. 


Imports and Exports 


Durinc February of 1936, total gross im- 
ports of crude petroleum and all its products 
into the United States amounted to 4,171,000 
bbl. (144,000 bbl. per day), as compared with 
3,563,000 bbl. (116,000 bbl. per day) imported 
during January; out of this total during Febru- 
ary, 1936, 2,882,000 bbl. (99,300 bbl. per day) 
were imported for domestic use and 1,289,000 
bbl. (44,400 bbl. per day) were imported in 
transit, either for refining and re-export or for 
use in vessels in foreign trade. During the 
preceding month, January of 1936, 2,421,000 
bbl. (78,000 bbl. per day) were imported for 
domestic use and 1,142,000 bbl. (37,800 bbl. 
per day) were imported in bond, as indicated 
above. During February, 1936, the net im- 
ports for domestic use of 99,300 bbl. per day 
were 8.4 percent under the former federal 
recommendation of 108,400 bbl. per day, 
which was effective under the N.R.A. 

Exports of crude petroleum and all its prod- 
ucts during February, 1936, declined further, 
dropping 12.88 percent below the daily rate of 
the preceding month, amounting to 8,852,000 


* U.S. dollar at 41 percent discount. 





DRC hind. érsvewebicke ered erecs ue eistsaiewaasa $1.37% $1.37 $1.37 $1.37 
i 55 15 hss ca eve Ce eesekbanes a tunes 83 83 83 83 
Trinidad crude. 85 85 85 .85 
Reo hist cen eneadebinendaceeden .83 .80 .76 75 
Freight Rates 
Mar. 25 Apr. 1 Apr. 8 Apr. 15 
Dirty Clean Dirty Clean Dirty Clean Dirty Clean 
(Shillings per ton) 
Calif.—U. K. or Continent. 18/6 19/6 18/6 19/6 18/6 19/- 18/6 17/- 
Gulf—U. K. or Continent................. 14/6 14,6 14/- 14,6 14/- 14/3 14/- 14/- 
(Cents per barrel) 
Calif.—North Atlantic...................... 85 85 5 5 85 85 85 _— 
Gulf—North Atlantic . 25 21 22 23 18 18 
LS ick Gan bia <a ee oe WR et Oem ss Were eo 23 _ _ 22 _ 20 _ 
PG Fain k5 de be eeneieewereN Ve aNSe se eaeerwes 24 _ 2 _ 23 _ 22 _- 
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A header for a steam heater in a 
cracking plant to work at 220 lbs. 
steam pressure, and 500°F. 


The body consists of a hot drawn 
steel pipe 22’’ O.D. x 1” thick X17’ 
reduced at one end and having 8 
branches electrically welded in and S fy E VG nN R T S 
flanges electrically welded on. Hy- 

draulic test pressure 450 lbs. per 


square inch. AND i: § «> ¢ 13) S LTD 
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A Link-Bett Chain of Correct Capacity 





For Every Drilling Service 
Ultimate 
Chain Number |Strength, 
Pounds 





"SS-124, 3-Bar Hyper (API-4) | 170,000 
SS-124, 2-Bar Hyper (API-4) _130,000 


























SS-40 Hyper (API-3) 75,000 
SS-40+ Red-Hed (API-3) 48,000 
SS-1244 Red-Hed (API-4) 112,000 
SS-40 (API-3) 28,000 
SS-124 (API-4) 60,000 





LINK-BELT COMPANY 
Export Sales Office: 2680 Woolworth Bldg., 


: — | 
a, . a = Migs oe " 
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@ Link-Belt “SS” class chains are 
all proved, outstanding perform- 
ers, that have set new standards 
for strength, smooth operation and 
reliability. Take advantage of the 
extra values in precision, tough- 
ness and finish built into them 
by the leading manufacturer of 
power transmission chains. 


5700 


New York Cable Address “LINKBELT” 


Houston, Texas, Fred Wallace, 4317 Montrose Blvd., P. O. Box 1082 
Oklahoma City, W. H. Abele, Box 305, Route 4 
Los Angeles, Link-Belt Company, 361-369 So. Anderson St. 


LINK-BELT 


ROTARY 


CHAINS 





bbl. (305,500 bbl. per day), as compared with 
10,162,000 bbl. (327,000 bbl. per day) which 
were exported during January of 1936. The 
low rate of exports during February is usual 
for this season of the year, and hence is not in- 
dicative of the export demand which may be 
anticipated during the coming months. The 
February, 1936, exports were 28.90 percent 
above shipments of February, 1935, when 6,- 
634,000 bbl. (237,000 bbl. per day) were ex- 
ported. Exports of crude oil from the United 
States during February of 1936 increased 
somewhat above the crude oil exports of the 
preceding month, and in February 3,474,000 
bbl. (119,800 bbl. per day) were shipped, as 
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compared with 3,067,000 bbl. (98,000 bbl. per 
day) exported in January of 1935, an increase 
of 22.2 percent; in February of 1935, 2,804,000 
bbl. (100,000 bbl. per day) of crude oil was ex- 
ported. In February of 1936, crude oil ex- 
ports constituted 39.2 percent of the total 
exports of all petroleum products. 

During January of 1936, the gross value of 


211; followed by gasoline and natural gasoline 
valued at $5,120,919; followed by crude oil 
valued at $3,622,138; by fuel or bunker oil for 
vessels in foreign trade (not included in the 
domestic exports) valued at $2,576,851; by gas 
and fuel oil valued at $1,469,898; by residual 
fuel oil valued at $1,369,498; and by kerosene 
valued at $1,093,199. Of the fuel or bunker 
oil used by vessels in overseas trade, American 
vessels used 1,413,242 bbl., valued at $1,349,- 
759, while vessels of other registry used 1,176,- 
757 bbl., valued at $1,227,092. The above 
import figures include imports in bond, and 
after such imports valued at $915,742 are ex- 
cluded, the net favorable balance for the 
United States for the month of January, 1936, 
was $18,287,685. 


| Crude Production and Runs 


to Stills Exeessive 


Crvpe oil and natural gasoline production 
during March of 1936 continued in excessive 
volume, reaching 2,975,000 bbl. per day, this 
production including about 20,000 bbl. of hot 
oil in Texas and Louisiana. The March, 
1936, crude oil and natural gasoline production 
was 237,000 bbl. per day above the production 
in March of 1935, an increase of 8.64 percent. 
The largest proportion of the overproduction 
was derived from Louisiana, where production 
exceeded the quota by 1,470,000 bbl., or by 
31.30 percent; this overproduction being in 
excess of the quota set by the U. S. Bureau of 
Mines, but within the state allowable as set by 
the State Conservation Commission, and 
hence not subject to the Connally hot oil act. 
In March California oil fields overproduced 
840,000 bbl., or 5.02 percent, this being a radi- 
cal improvement as compared with the preced- 
ing months. The state of Texas continued its 
excellent record in March by overproducing 
only 620,000 bbl. or 1.81 percent, while smaller 
overproduction was reported in Oklahoma and 
Kansas, which exceeded their respective 
quotas by 290,000 bbl. and 210,000 bbl. 

Crude oil runs to stills during January, 
1936, averaged about 2,800,000 bbl. per day, 
11,000 bbl. per day under the runs to stills dur- 
ing the preceding month, when 2,811,000 bbl. 
were processed per day. Total stocks of 
petroleum products increased 1,583,000 bbl. 
during February of 1936 to a total of 542,918,- 
000 bbl., indicating a daily gross addition to 


| stocks of 54,500 bbl. Both crude oil produc- 


exports of crude petroleum and of all its prod- | 


ucts amounted to $20,138,262, as compared 
with the gross value of all petroleum imports of 
$2,766,319, leaving, therefore, a favorable 
balance of $17,371,943. Lubricating oils and 
greases led in the value of exports in January 
of 1936, being valued in that month at $6,161,- 


tion and crude runs to stills during the last 
three months have been at a rate much in ex- 
cess of the economic volume, and have seri- 
ously undermined the price structure. 


Motor Fuel Demand 


EnpicaTep domestic demand for motor fuel 
during February, 1936, averaged 945,000 bbl. 
per day, 10 percent below the average dur- 
ing the preceding month, when 1,050,000 bbl. 
were consumed per day; the domestic demand 
during January, 1936, was only 1,000 bbl. per 
day above the domestic motor fuel consump- 
tion in February, 1935, a minimal increase, but 
it was 35,000 bbl. per day above the domestic 
motor fuel consumption of February, 1934, an 
increase of 3.84 percent. The low volume of 
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domestic consumption during February has 
been due exclusively to extremely unfavorable 
weather conditions in that month prevailing 
throughout the United States, and hence the 
maintenance of demand at the level of the pre- 
ceding year is in itself a remarkably favorable 
indication. The preliminary figures for March 
and April suggest that the current domestic 
consumption is running approximately 10 per- 
cent above the preceding year, and if these 
figures will be confirmed by final reports, the 
excessive stocks accumulated during the win- 
ter may be appreciably reduced. 

During February of 1936, 58,000 bbl. of 
motor fuel per day were exported from the 
United States, 30.1 percent below the motor 
fuel shipments of the preceding month; 17.8 
percent above motor fuel exports in February 
of 1935, but 19.75 percent under the motor fuel 
exports in February of 1934. 

On March 1, 1936, motor fuel stocks at re- 
fineries, plants, terminals and in transit, inclu- 
sive of natural gasoline, amounted to 65,657,- 
000 bbl., an addition to storage of 3,044,000 
bbl. as compared with stocks on hand on 
February 1, 1936, indicating that during 
February motor fuel supply exceeded demand 
by 105,000 bbl. per day. 


Business Continues to Improve 


Tue New York Times weekly business in- 
dex advanced during the first week of April to 
97.3, the highest level it has reached since June 
of 1930, the advance being evenly distributed 
between the component factors. The stock 
market, which has previously already dis- 
counted the present improvement in business 
conditions, experienced a sharp set-back dur- 
ing the middle of April reflecting the general 
uneasiness in regard to political developments. 
The New York Times index stood at 86.0 on 
April 1, 1935; at 78.0 on April 1, 1934; at 68.0 
on April 1, 1933; and at 69.5 on April 1, 1932. 


Oil Field Developments 
Arkansas 


Tue most important news of the month 
came from South Arkansas where Phillips 
Petroleum Company’s No. 1 J. D. Reynolds 
in section 27—T15S—RI5W, located on the 
northeast flank of the Norphlet dome of the 
Smackover field, tested 50,000,000 cu. ft. of 
highly saturated gas from a total depth 4,908 
ft., 12 ft. in a porous limestone of undeter- 
mined age. The north end of the Smackover 
field is cut off by the Smackover Graben 
faults, the fault on the south side of the Graben 
having a northward inclination of 45 deg., 
hence placing the top of the structure to the 
north with the depth. The new discovery ap- 
pears to be of great importance and if it de- 
velops crude oil production with deeper pene- 
tration into the limestone topped at 4,896 ft. 
the Smackover field will be probably rejuve- 
nated and add perceptibly to the present 
difficulties the industry is experiencing 
with the Rodessa field. Similarly commercial 
production in No. 1 Reynolds will start a 
major wildcat play which will cover the Graben 
fault zone of South Arkansas, which extends 
from R11W to R27W, a distance of about 100 
miles. 
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The Best Way to Recondition 
- ROTARY MUD 





@ Here is the vibrating screen that is preferred by most 
of the large producers and drilling contractors where it 


Valuable mud must be reconditioned « Condition 
of mud be kept constant « Pump parts saved from 
undue wear. Entire mud system simplified by 
reducing the size of slush and reject pits « Han- 
dling of shale made easy « Blowouts be avoided 
« Gas cutting be reduced to a minimum. 


Profit by the experience of others. As a first step, send 
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Export Sales Office, 2680 Woolworth Bldg., NewYork Cable Address “LinkBelt” 
Houston, Texas, Fred Wallace, 4317 Montrose Blvd., P.O. Box 1082 
Oklahoma City, W. H. Abele, Box 305, Route 4 
Los Angeles, Link-Belt Company, 361-369 So. Anderson St. 
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Rodessa—Louisiana 


New completions during the past month 
increased the number of oil wells in the Rodessa 
field to 150, while there were in the field 60 ac- 
tive drilling wells and 25 active locations on 
April 30. The current allowable in the 
Rodessa field is 350 bbl. per well, or a total of 
52,500 bbl. per day. Recent extensions on the 
Texas side of the field have increased the 
proven area of the field to 6,400 acres, while 
the total area may eventually reach 10,000 to 
12,000 acres, suggesting a total cumulative 
recovery from the field of about 200,000,000 
bbl. Two major deals took place in the 


Rodessa field during April. Standard Oil 
Company of Louisiana (S.O.N.J.) purchased 
from Haynes Drilling Company 3,000 acres of 
leases with 34 oil wells, 1 gas well and 5 drilling 
wells; the reported consideration was $5,000,- 
000 in cash and $15,000,000 in oil payments. 
Magnolia Petroleum Company (Socony-Vac- 
uum) bought the properties of R. H. Norton 
consisting of several wells and extensive unde- 
veloped acreage on Louisiana and Texas sides 
of the field. The passage of these holdings 
into the hands of major oil companies has been 
almost inevitable because of high development 
costs in Rodessa. 

BASIL B. ZAVOIco 
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Superior 


@ For handling the flow of 
fluid 

@ For regulating pressure 

@ For regulating rate of flow 


SHAFFER ADJUSTABLE 
FLOW BEANS with Patented 
Venturi Tube allow the fluid to 
flow smoothly and with mini- 
mum turbulence or tendency to 
emulsify. 


Made in many types — There is 
a Shaffer Adjustable Flow Bean 
to meet your every need. 


SHAFFER TOOL WORKS 


BREA. CALIFORNIA « HOUSTON, TEXAS 


EXPORT-OIL WELL SUPPLY COMPANY 





af 
Designed and made to A.P.I. 
specification by the world’s 
leading driving chain makers. 
Send for leaflet 
Ref 916/392 
THE RENOLD AND COVENTRY CHAIN CO. LTD., 
MANCHESTER ENGLAND 
AGENTS THROUGHOUT THE WORLD. 
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Official Figures for Soviet Oil Operations 


1936 
PE. .ccctiscuninadeesn ess 


February.... 
March 


Total 3 months 1936 
Total 3 months 1935 
Total last quarter 1935 


Total 1935 


Quota 1936 
Quota 1935 


213,500,000 581,178 


Crude Daily Runs to 
Production Average Stills Drilling 
(bbl.) (bbl1.) (bbl.) (feet) 
16,500,000 532,290 14,000,000 513,7 
15,400,000 531,435 13,600,000 460,000 
15,940,000 514,200 13,860,000 580,000 


47,840,000 525,573 41,460,000 1,553,700 


40,206,600 446,740 31,228,700 1,032,618 
48,190,500 523,810 40,339,400 1,363,382 
176,688,100 497,713 146,705,100 4,868,465 


175,000,000 7,100,000 


212,310,000 581,672 171,500,000 5,214,000 


Crude conversion: seven bbl.=one ton 


urine March the operations of the Soviet 
oil industry were divided into Stakhanoff dec- 
ades in order to speed up results and appre- 
ciable improvements are reported from several 
divisions. Crude production for all fields is 
slightly below quota for the month, however, 
though several fields were operated at par and 
on individual days above plan, noticeably at 
Baku and at Ishimbayevo in the Urals. 

According to reports on production, the 
daily plan fulfillment of all Baku oil fields has 
ranged from 97 to 102 percent. Individual 
properties, such as Stalin and Lenin groups, 
operated at between 101-106 and 104-107 per- 
cent respectively, but other Baku oil fields 
failed to live up to plans. The Lenin group of 
fields reported a total crude production of 
7,258,000 bbl. for the first three months of 
1936, or about one percent above quota. The 
total for all Baku fields for the first quarter 
1936 is about 12 percent above the correspond- 
ing figure for the same period of last year. 
The total for all Soviet fields during the first 
quarter of 1936 was about 18 percent above 
figures covering the same period of 1935. 

Production at Grozni during the month ran 
between 85 and 93 percent of the plan and 
evidently it became increasingly difficult to 
augment the total for all Grozni fields at the 
expense of Molgabek. This field, discovered 
some three years ago, has helped to check the 
decline of Grozni, which fell from some 8,500,- 
000 tons in 1931 to about 3,500,000 tons per 
annum since that year. Grozni drilling opera- 
tions have been considerably improved as re- 
gards distance drilled and speed of drilling 
attained, but there are, as yet, no visible signs 
of increased crude production. Percentage of 
plan attained by other Soviet fields was as 
follows: Maikop, 82-92 percent; Emba, 86- 
122 percent, and on individual days, 136 per- 
cent; Bashkiria (Ishimbayevo), 91-121 per- 
cent; Sakhalin, 67-94 percent; and Middleasia, 
50-125 percent. All these fields show con- 
siderable fluctuation in production, indicating 
that flowing wells are responsible for the in- 


creases on individual days. Mechanized pro- 
duction is still a weak point at almost all So- 
viet fields with the possible exception of the 
Lenin or Stalin fields at Baku. 

The refining division of the Soviet oil in- 
dustry reports considerable progress. The 
refining trust of Baku has produced 100,000 
tons of gasoline and ligroin during the first two 
decades of March against a quota of only 72,- 
000 tons. Grozni refineries have produced 
116,000 tons of gasoline and ligroin during the 
same period compared with a quota of only 
90,000 tons. Soviet daily production of gaso- 
line has increased from 8,900 tons in Novem- 
ber to 9,800 tons in December, to 10,200 tons 
in January, to 10,500 tons in February, while 
the March figure has increased to 11,500 tons 
daily. For the first quarter of 1936 gasoline 
production showed an increase of about 45 
percent over the first quarter of 1935, which, 
in turn, showed an increase of 2.5 percent over 
the first quarter of 1934. 

Grozni refineries expect to produce during 
April 171,000 tons of gasoline and 152,000 tons 
of kerosene, which represents an increase of 21 
percent in gasoline and 13 percent in kerosene 
over the corresponding figures for April of last 
year. 

Plan fulfillment during March for the major 
Soviet Heavy Industries was as follows: 

Coal, 97 percent; oil, 98 percent; pig iron, 
100.2 percent; steel, 103.9 percent; rolling 
mills, 103.4 percent; copper, 87.6 percent; sul- 
phuric acid, 104.8 percent; superphosphates, 
111.3 percent; cement, 90.4 percent. 


Interview With M. V. Barinoff 


Tue Soviet oil industry, nearing the end of 
the Second Piatiletka, is once again facing a 
cardinal reconstruction similar to the one 
undertaken in 1927-1928 before the beginning 
of the First Piatiletka. Once again Soviet 
representatives and key men of the oil industry 
have come to the United States to study 
progress and practice in American oil fields, 
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Diorama of the Monsanto, Illinois plant (mode! 
in perspective), in the lobby of Monsanto’s 
administration building, St. Louis, Missouri 
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Fire Hazards 
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and to place orders for American equipment. combines. The following figures cornpare the WITHOUT Permanent Roofs 
During the last four years Soviet industries number of units of agricultural machinery in World Manufacturing Rights controlled by 
have supplied Soviet agriculture with 240,000 use September Ist, 1934 and 1935. THE AFONIN 
wheel tractors and about 10,000 caterpillar Sept. 1, 1934 Sept.1,1935 | | SEALING RAFT CO., LTD. 
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a Threshers (motor-driven) 30.804 38,227 RITAIN:B Hesse, 117, F t hs 
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ligroin, 675,000 tons of gasoline and about The value of the yearly output of Soviet FRANCE: Etabs. Delattre & Frouard Reunis, 39, Rue 
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97,000 tractors, 92,000 motor cars and 20,000 in 1930, Rb]. 42,200,000,000 in 1933, Rbl. 50,- 
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Used the world over 
wherever oil is stored 
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JOHNSTON & JENNINGS CO. 
891 Addison Road 
Cleveland, Ohio, U.S. A. 





























SULPHURIC ACID PLANTS 


SLUDGE CONVERSION 
CONTACT ACID PRODUCTION 
SEPARATING AND CONCENTRATING 
PLANTS 
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Consultation, new design and re- 
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000,000,000 in 1934 and Rbl. 58,500,000,000 in 
1935. (One Rbl. equals 87¢ U. S.) 

Mr. M. V. Barinoff, head of Glavneft, oil 
division of the Commissariate for Soviet 
Heavy Industries, is at present in New York 
in charge of a commission studying production 
and refining practice in the United States. He 
has been interviewed by this correspondent 
and has given the following outline of the 
Soviet oil picture: 

For many years in the past Baku oil fields 
have produced the major portion of Soviet 
crude production and, together with Grozni 
and Maikop, the Caucasus have furnished al- 
most 95 percent of the total Soviet crude sup- 
ply. The Caucasian oil fields are situated 
near the Caspian and Black Seas and are con- 
nected with both seas by pipelines from Baku 
to Batum, from Grozni over Maikop to Tuapse, 
and from Grozni to Makhatch Kala. Thus 
they are in a favorable location for serving the 
export trade. During the years when internal 
consumption was secondary to exports, the 
industrial development of the country was still 
in the making and agriculture ‘was rather 
primitive. The number of motor cars in use 
was negligible; trucks, tractors, combines and 
other farm equipment, together with motor 
transport and aviation, were problems of the 
future. Requirements for internal consump- 
tion were moderate and although the Caucasian 
fields are situated at geographical disadvan- 
tage as regards main industrial and consump- 
tion points, the existing system of transporta- 
tion could, nevertheless, adequately handle 
the situation. 

During both Piatiletka periods collective as 
well as state-owned agriculture has become 
industrialized and mechanized, and the in- 
dustrial development of the country has as- 
sumed huge proportions. New roads, rail- 
roads, and air-routes have changed entirely the 
structure of the country. Deserts and steppe 
lands have been transformed into fertile areas; 
industrial plants have been erected and new 
cities have sprung up; new demands have 
arisen for oil products, and as the industrial 
geography of the country has changed it has 
become necessary to revise and redraw the oil- 
supply map throughout the Soviet Union. 

In an endeavor to facilitate distribution, 
refining centers were built nearer the major 
areas of consumption. To process Baku crude 
refineries were erected along the Volga, and a 
pipeline was opened from Grozni to the 
Ukraine in order to open the flow of Caucasian 
oil to the industrial interior of the country. 
Production at Grozni, however, has declined 
alarmingly from 8,500,000 tons in 1931 to 
3,500,000 tons. Nor can this deficit be made 
up by Baku, as Baku crude is of different 
specific properties. (Grozni crude has a high 
gasoline content.) 

The resources of Grozni are not yet ex- 
hausted. The Molgabek field and other new 
regions of Grozni are under development. 
The fields of Baku are being extended to 
Aliati-Pirsagat, Kabristan Meadows, Pri- 


kurinsk, etc., the hinterland of which is the ' 


entire Azerbaidzan with as yet untapped vast 
oil resources. 

During the past three or four years new dis- 
coveries of commercial value have been made 
in the Urals at Emba, in Middleasia, and along 
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the banks of the Volga. 
from these fields is not inferior to Grozni crude; 
some of these crude grades are of high gasoline 
content, some are of a lubeoil base, while some 
have both properties. The geographical lo- 
cation of these fields, moreover, offers a favor- 
able solution to the desired geographical re- 
distribution of sources of supply in relation to 
main points of consumption. 

Ishimbayevo in the Urals (Bashkirneft) will 
produce 1,000,000 tons of crude in 1936 and 
2,500,000 tons in 1937. These fields, with a 
skimming plant in operation at Ufa and the 
Alco refinery already under construction, form 
an ideal source of supply for the industrial 
centers along the Volga and for Moscow, where 
a cracking combinate is to be erected with a 
capacity of 3,000 tons per day. The Volga 
Don canal, now being built, will provide a 
marine route for the transportation of Baku 
crude to Moscow. Cracking installations will 
also be erected at Odessa (Black Sea) and 
Kherson (Azov Sea). 

The Emba oil fields, recently enlarged by 
the addition of Koschagil and South Iskin, 
are supplying crude to Orsk via a recently com- 
pleted pipeline. Orsk is an industrial center 
in the east, beyond which are situated Kha- 
lilovsk, Magnitogorsk, Cheliabinsk, and West- 
ern Siberia. Emba’s 1936 crude production 
quota of 600,000 tons will be considerably in- 
creased in 1937 and thereafter. 

In Middleasia the Neftdag and Haudag 
fields, well known for their record flowing wells, 
form an ideal source of supply for the Soviet 
cotton belt, and the Sakhalin oil fields, with 
refineries at Khabarovsk, are to supply the 
Soviet Far East. 

The Soviet Union possesses vast oil resources 
which are distributed over a large area of the 
country from the Arctic north to the Caspian 
Sea in the south, and from the Far East across 
Siberia, the Urals, and the Kalmuk steppe 
down to the Volga. The Soviets are making 
steady progress in the development of new oil 
regions more favorably situated, nearer to in- 
dividual points of consumption and thus re- 
lieving the pressure of transporting Caucasian 
oil. 

The decrease of Soviet oil exports during re- 
cent years is due to the sharp rise in internal 
consumption. Owing to the decline of Grozni 
production the supply of gasoline became 
limited and it was necessary to restrict exports 
in order to assure sufficient supplies for home 
consumption. Progress is being made, how- 
ever, toward the readjustment of supplies and 
there is no doubt thai sufficient oil will soon be 
available for export—perhaps in two years and 
perhaps earlier. 

Progress in drilling, production and refining 
has been extremely encouraging and the 
domestic machine-shops have mastered suffi- 
ciently the technique of building oil equip- 
ment. However, the Soviet oil industry is 
always ready to place equipment orders 
abroad for all innovations developed in drill- 
ing, production and refining, and the Soviets 
are following, with keen interest, all new de- 
velopments and production and refining prac- 
tices in the United States. 


J. WEGRIN 
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ORE THAN 300,000 dealers through- 
M out the world sell Socony-Vacuum 
products. 


These dealers receive prompt, efficient 
service. To do this, Socony-Vacuum em- 
ploys, in the United States, over 40,000 
people . . . owns one of the largest private 
fleets in the world . . . thousands of tank 
cars... trucks . . . maintains warehouses 
and refineries strategically located near the 

| sources of demand. 


But even more important than these— 
Socony-Vacuum offers to its dealers the ex- 
clusive value of 70 years’ experience in the 
lubrication field. 
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